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I. INTRODUCTION

Ever since the generalized network formulation for aperture problems
was given in terms of the method of moments [1], solutions for paréicular
problems have been obtained using particular subsections. For example,
rectangular patches were used for rectangular apertures [2], and annular
subsections were used for annular apertures [3]. Babinet's principle plus
the wire-grid model of the complementary conducting plate have been used
for arbitrarily-shaped apertures [4]. This approach is often satisfactory
for far-field quantities and transmission coefficients, but is not appropri-
ate for computing near-field quantities. This is because there are diffi-
culties in relating computed wire currents to equivalent surface magnetic
currents. Also, the accuracy of the wire-grid approximation can be ques-
tioned on theoretical grounds.

In this report, the problem of electromagnetic transmission through
an arbitrarily-shaped aperture in an infinite conducting screen of zero
thickness is investigated using triangular patches to model the aperture.
The method of solution is, in general, a specialization of that for bodies
of arbitrary shape by Rao [5]. In the formulation, the equivalence principle
and image theory [6] are used to derive an integral equation for the equi-
valent magnetic currents. The moment method [7,8] is used to metricize
this integral equation. The expansion functions are chosen to be local
position vectors inside each triangular patch.

Extensions of the basic problem are also given. One extension
is two half spaces with different media. Another is a lossy dielectric
window covering the aperture. Computer programs are written and numerical

results for the magnetic currents, transmission cross section patterns and
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transmission coefficients are given for several sample cases.

II1. STATEMENT OF THE PROTOTYPE PROBLEM

The problem configuration to be considered is shown in Fig. 1.

An infinite conducting screen with an arbitrarily-shaped aperture covers
the entire xy-plane. The excitation of this aperture is an arbitrarily-
polarized plane wave incident from the region z > 0 at an angle 61 to the
z-axis. The quantities to be computed are the equivalent magnetic current
distribution and the transmission characteristics of the aperture.

As described in [1], we use the equivalence principle and image
theory to obtain equivalent situations for both regions. The solution is
expressed in terms of the equivalent magnetic current M = E X Z in the
aperture. To compute M, we use a linear expansion of basis functions ﬁn
and moment methods to evaluate the coefficients. Hence, we have to
determine a generalized admittance matrix and an excitation vector. To
predict the transmission characteristics, we need a measurement vector.
Since, the incident field is a plane were, the excitation vector is of

the same form as the measurement vector.

III. FUNDAMENTAL FORMULATION

Refer to the generalized network formulation for aperture problems

[1]. Define M = Z vnyn over the aperture region. Then
n
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Fig. 1. Prototype problem configuration.
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In free space, the magnetic field produced by a source ﬁn is

HM) = ~ JuF_-Vo (5)

where f’n and <!>n are the electric vector potential and the magnetic scalar

rotential related to gn as follows [6]
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IV. TRIANGULAR PATCHES AND BASTS FUNCTIONS

Different approaches to model apertures with some simple, or highly
symmetrical shapes (e.g. slot, rectangle, circle) have been developed.

Here we use triangular patches for the sake of being able to conform closely
to arbitrarily-shaped apertures. There are other advantages: First, this
triangular patch scheme is easily inputed to the computer, since the vertices
can be independently specified. Second, it also provides the flexibility of
having greater patch densities on those portions of the aperture where more
resolution is desired, e.g. when we are concerned about the edge effect.

The presence of derivatives on the magnetic current and on the
scalar magnetic potential suggests that we have to be careful in selecting
the expansion functions and testing procedures in the method of moments.

As Rao did for a scattering body [5],we choose a set of basis functions
which yield a continuous magnetic current and a piecewise constant mag-
netic charge representation.

Assume that a suitable triangulation defined by an appropriate
set of patches, edges, vertices, and boundary edges, such as shown in Fig. 2,
has been found to approximate the aperture region A.

We associate gn with the nth edge. As Fig. 3 shows, there are two
triangles, T: and T;, related to the nth edge (assumed not on the boundary)
of a triangulated area modeling the aperture. The global position vector
r and the local position vectors Q:, 9; are defined as shown. The plus
or minus designation of the triangles is determined by the choice of a
positive current reference direction for the nth edge, which is assumed

to be from T: to T;. Define
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Fig. 2.

Triangulation Example.

Fig.

R el

3.

Expansion function.

" e o o

£ ihw
o




e ————

= N

M
=n

0, elsewhere

where Qn is the length of the edge n and Ai is the area of triangle Ti.

As pointed out, gn is related to the nth edge, which is not on
the boundary of the aperture. Since the magnetic current must not have a
normal component on the boundary, we need not define basis functions for
any boundary edges. (See the reason in the following section.)

Using the basis functions above, wé see that all edges of T: and T;
are free of magnetic line charges. For the common edge n, the normal com-
ponent of the magnetic current is constant and continucus across the edge

(see Fig. 4), shown as follows:

+
+ =£‘l— An =1
n, normal 2A+ zn/z
n —
2 A
- = n_ -3
Mn’ normal ZA; Qn/Z

Hence, Vn may be interpreted as the normal component of the magnetic
curr..-t density crossing the nth edge. For the other conjoined edges,
En has no component normal to them, and hence no magnetic line charges
exist along those edges.

With basis function yn defined as above, the associated magnetic

surface charge density is of the form of pulse doublets:
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Nermal component crossing the edge.

Fig. 4.




Also, it can be proved that a superposition of the basis functions

within a triangle is capable of representing a constant current flowing

in an arbitrary direction within the triangle.

V. ADMITTANCE MATRIX

We start with Galerkin's method, then approximate the surface

integral by averaging the integral with its value at the centroid of

each triangle, i.e., with W =M .
-1m —m

-£ pvm
ds
bongts = [Jon —2as + [[ 5
lj 4 n ij+ 3 n ijm
m m m
-2
__m 1 _ L
= Jo [A+ JJ ¢ndS R JJ ¢nds]
m T+ m T
m m
~2
~ m c+ [
o ) = 2 ()]
2m + Qm -
JJ W «F ds = JJ-—j; p_* Fds + JJ —— e F ds
g L2a T J2a -
m T n T m
m m
2
- _m 1 . oF 1 . o
S PP (P
m T+ m T
m m
~ zm c+ c+ c- c—-
=2 ElEy) oy YR ) oy ]
2%

+ + +
Here r = (rl' +r° + r3—)/3 is the centroid of T . After these
“m =m “m “m m

manipulations, element Ymn of the admittance matrix becomes
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To evaluate En(gm ) and ¢n(£m ), we proceed face by face for the
sake of efficiency. Now,let us look into the case shown in Fig. 5, with
observation triangle Tp and source triangle T . The number of basis

functions for Tq is less than or equal to three.
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Fig. 5.

)

Local index for source triangle.

Fig. 6. Area coordinate.
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Now, make use of the area coordinate [8] for triangle Tq. (Check

Fig. 6.)
' =
' =&r, +nr, +ir,
i.e.
(x,y) = &(xy>» yp) + n(x,, ¥y) + C(xqs y3)

where

£ = A1/Aq

ns= A2/Aq

Y
[}

A3/Aq=1-£-n

We transform the surface integrals for Ezq and ¢§q into double integrals by

the following formula
1 1-n
JJ f(x')ds' = 2Aq J J f(££1 + ne, + (l-E-n)ga)dEdn (12)
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Here the limits come from the definition of area coordinate, and the
constant factor 2Aq can be easily proved by using the constant inte-

grand f(r') = 1. We now have the following

* ef
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1 1-n
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pq A
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0 0

pq 4 .pq rq Pq
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For the numerical integration of these I's, one can refer to [9] and
Rao's work [5].
Actually, many derivations above are parallel to those of [5].
The simplest way of showing this is by duality. Thaen the matrix equations

1

~+ -1 +1 > S
V=Y 1" here and 1 = Z © V* in the body scattering problem are mathe-

matically equivalent in the following way:

Hence

VI. EXCITATION AND MEASUREMENT VECTORS

For plane wave incidence, fi and fm are of the same form except for
a minus sign. Therefore, we can evaluate both of them in a similar way.
With procedures similar to those in the previous section, i.e.

Galerkin'’s method and centroid approximation, we have from (3)

io 1 io + 1 fo -
JJEQ *Hds = £ —5 j H™ g, d8+— J H o, 45}
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2A 2A
A m T+ m T
m m
£
~ m io, c+ ct io, c- c~
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r

= - kl@ sin Gi cos ¢i + § sin 61 sin ¢i + 2 cos 61)

By a similar formulation, we have

m [s]
L4 -2”3«11 gtm ds

A
Qc:+ pc—
= _ mo, ct, mo, c-, 1
=-20 W@ ) -+ H () 5]
where .M ct
e ct, q® 4 1n -ik 'E‘n
H oz, = U Hy Hde))e
b ¢
km S e
- m
r

= - K'(% sin 8" cos ¢" + § sin 68" sin ¢" + £ cos ™)

VII. REPRESENTATIVE QUANTITIES TO BE CALCULATED

We first calculate the equivalent current M = ] Vrr-Mn’ then

n
the equivalent charge density m = 5—-{% V + M, the far-field Hm’ the inci -
dent power P , and the power transmitted P trans’ We can find the

inc
transmission cross section patterns T, the transmission coefficient T,

and the transmission area TA. They are listed as follows: (-ost of the

derivations are in [1].)
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T » S cos 61

TA
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VIII. NUMERICAL RESULTS AND DISCUSSION FOR THE PROTOTYPE CASES

Using the previous formulation and adopting quite a few subroutines
from [9], we have developed a versatile computer program. This program can
solve not only the prototype problems, but also both extensions mentioned
in Section I. It is described and listed in Section XIV. Some representa-
tive computations for the prototype cases are given in this section. To
ensure the validity of our formulation, we examined several special examples
which are available in the literature. As we will see, the results agree
very well.

The first example is a narrow slot, width A/20 and variable length L,
lying on the x-y plane with axis in the y direction. This slot aperture is
i11luminated by a normally incident plane wave with unit magnetic field
polarized in the ¢ direction. Figure 7 shows the configuration. As shown
in Fig. 8, it is triangulated into 40 patches. Figure 9 shows the trans-

mission cross section patterns in two principal planes, i.e. re at (¢ = 90°,

9 = 90 » 180°) and (¢ = 270°, 6 = 180° - 90°), T, at (¢ = 0°, 6 = 90° - 180°)

¢
and (¢ = 180°, 6 = 180° -+ 90°). Figure 10 plots the equivalent magnetic
current in the aperture region. Table 1 shows the physical area A, trans- W
mission coefficient T, transmission area TA of the corresponding cases. 1
From our data, we found good agreement with earlier results. The only case

of significant discrepancy is the far-field for L = A/4, and it is believed

that our result is correct.
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Fig. 7. Slot aperture under unit ﬂi normal incidence.

Fig. 8. Triangulation of the slot aperture.
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Fig. 9.

Transmission cross section for slot aperture of Fig. 7.

= 2/20; L = A4, N2, 3}/4, } in (a), (b), (c), (d).

W
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(b)

computed TG/XZ in principal plane.

computed Td)/)2 in principal plane.

corresponding results from [2].
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(c)

Fig. 10.

M is in y-direction.

W= 1/20; L = X4, 22, 3x/4, X in (a), (B), (c), (d).
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Equivalent magnetic currents for slot of Fig. 7.

+: computed magnitude of Ig/giol.

x: computed phase of |§/§10|.

0,/,:

corresponding results from [2].
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Table 1. Transmission coefficient for sleot of Fig. 7, W = »/20.

A 0.12500E - 01 (»%)

L= A4 T 0.17950E + 00
TA 0.22438E - 02 (%)
A 0.25000E - 01 (1%)

L= A2 T 0.81829E + 01
TA 0.20457E + 00 (A%)
A 0.37500E - 01 (A%

L = 3)/4 T 0.21401E + 01
TA 0.80254E - 01 (1)
2
A 0.50000E - 01 (A%)

L =2 T 0.15163E + 01
TA 0.75815E - 01 (A%)

The second check is made for a square aperture lying in the
x-y plane. It is illuminated by a normally incident plane wave with unit
magnetic field polarized in the ¢ direction. This square aperture is
triangulated into 32 patches as shown in Fig. 11. The computed far-field
patterns match almost perfectly the results from [2], which are plotted
in Fig. 12, For near field quantities, there is no available data to com-
pare with. Nevertheless, our results shown in Fig. 13, seem to be
reasonable.

For a third check, we consider a circular aperture which is

triangulated into 24 patches as shown in Fig. 14. There are two things
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Fig. 11. Triangulation of the square aperture.

Illuminated by a normal incident plane
wave with unit magnetic field polarized

in ¢-direction.




A = 0.62500E-01( ¥

T=021483 E+00

1 TA= 0.13427E-01 (3*)

T = 0.15673 E+0I

t:&’x ”,_——-0 \\\\ )
e \ A =0.25000 E +00(N)
' b

\, ® % B Jio TA= 0.39183 E+00 (\*)
- *x
0\’
\"\x——/"/
3 (b)

Fig. 12. Transmission characteristics for square aperture
in Fig. 11.

All the notation and marks are similar to Fig. 9

and Table 1. But L = »/4, X/2 in (a), (b).
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a+ —4180° 4} —1180°
3 —190° 3 ~ 90° |
11 |1 | T | L |
2 —~AO° 2 . . o°
|
' % % % '7'900 '~ x % % x 1% |
0 1 A | 1 -180° ok i 1 i | -180°
(a) (b)
41 —1i80° 41— =1i80°
3l —oo° 3 ¢ +  {s0°
2 1 q | L o° 2 | { } | o°
. * . * *
= +ooe | 900
o L X 1 X 180° O X f _lx 8 -180°
(c) (d)

Fig. 13. Magnitude and phase of fg/glol of a square aperture.

(a), L = X/4 3 cut at BB'
(b), L = X/4 ; cut at AA'
(c), L =A/2 ; cut at BB'
(d), L =1/2 ; cut at AA'
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Fig. 14.

Triangulation of a circular aperture.
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(b)

Fig., 15. Transmission coefficient for a circular aperture.
R = 0.02), 0.25% in (a), (b).
+: computed result for E; ~polarization.
x: computed resulr for E|j ~polarization
A,0: corresponding data from [3}.
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to notice. First, to compensate for the loss in total area, we ' 1d put
the boundary vertices outside the circle so that we get the correct total
aperture area. Second, to take care of the edge effect, we need a higher
patch density around the boundary than in the center. Now this circular
aperture is excited by an obliquely incident plane wave with either
parallel or perpendicular polarization [3]. To compare with the data available,
we redefine the transmission coefficient, denoted as TCHA, instead of the
previous T. It is normalized with respect to the incident power density

at normal incidence rather than the actual incident power density at
oblique incidence. As can be seen from Fig. 15, our computed data agree
well with the previous literature [3]. The slight discrepancy probably is
due to the edge effect plus the difficulty in matching the exactly circular
boundary with straight line segments.

So far, all the cases we have tried are just validity checks.
Obviously, for any rectangular aperture (including the narrow slot, the
square aperture, etc.), triangular patching is not superior to the rec-
tangular patching in [2]. Also, for any annular aperture (including
circular aperture), triangular patching is not superior to the annular
subsections used in [3].

To show the versatility of the triangulation method, we try two
other shapes. These are a diamond-shaped aperture and a cross-shaped
aperture. Our formulation treats them without difficulty . Figures 16
and 17 demonstrate some simple ways to triangulate the diamond aperture

and cross aperture into 12 patches and 20 patches.
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Fig. 16. Triangulation of a diamond aperture.
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Fig. 17. Triangulation of a cross aperture.
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The examples worked out are for small apertures. The transmission
cross section patterns in the principal planes are the usual transmission
patterns, only the magnitude is small (peak values aré between 10_5 and
10_7). We do not plot the pattern. Instead, a list of the transmission

coefficient and transmission area are given in Tables 2 and 3.

Table 2. ATransmission characteristics for a diamond-shaped

. aperture as in Fig. 16.

A 0.25000E - 02 (AZ)
L = 0.1x T 0.47906E ~ 03

TA 0.11976E - 05 (Az)

A 0.11111E + 00 (Xz)

W= 0.5L L=0.2A/3 | T 0.92387E - 04

TA | 0.10265E - 04 (A%

A | 0.62500E - 03 (A%
L=0.05\ | T | 0.28988E - 04

TA | 0.18118E - 07 (A%)

| A | 0.12500E - 02 (%
L=0.12 | T | 0.49212E - 03

TA | 0.61515E - 06 (A%)

A 0.55556E - 01  (A%)
W = 0.25L L=20.2\/3| T 0.94904E - 04

TA 0.52725E - 05 (A7)

A 0.31250E - 03 O8]

L = 0.05A T 0.29776E - 04

TA 0.93050E - 08  (A°)
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Table 3. Transmission Characteristics for a cross-shaped aperture as
in Fig. 17.
' 2
A 0.55556E - 02 (%)
= 0.12 T 0.13420E - 02
TA 0.74556E - 05  (A2)
A 0.24691E + 00 (A\%)
W=1L/3 = 0.2\/3% T 0.25184E - 03
TA 0.62182E - 04 (A2)
A 0.13889E - 02 (A%
= 0.05\| T 0.78284E - 04
ta | 0.108738 - 06 (%)
A | 0.43750E - 02 (%)
= 0.1} T 0.11586E - 02
TA 0.50689E ~ 05 (Az)
A | 0.19444E + 00 (%)
W= 0.25L =o0.22/3d T 0.21751E - 03
TA 0.42932E - 04 (A2
A 0.10938E - 02 (\%)
=0.05A] T 0.67616E - 04
Ta | 0.73955E - 07 (%)
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IX. EXTENSION I: HALF SPACES WITH DIFFERENT MEDIA

Assume two half spaces with different media, Ea and Cb, separated
by an infinite conducting plane with an arbitrarily shaped aperture. The
method of solution will be almost the same, except for some minor dif-
ferences.

First, instead of Ymn =4 <—wm, H:S(gn)>, the elements in the

admittance matrix will be

a b as bs
= 2<a + >
Ymn + Ymn 2< wm’ Ht (En) Ht (En)
oS* pc”
~ a, ct, m a, c=y . _m_ a,c-y _ gdc.ct
= ZQm{lefn(zm ) 2 + En(gm ) 5 ] + Qn(zm ) Qn(gm )}
ct+ c-
+ 20 {julFPath) - En_, pbey B h bty - ety 22
m 3950 2 N -m 2 n'-m n-m
where
a
a a
P Y = e? ([ y ') » G(kP, [£F - £'])ds’
- 4n -n - i -
+
T
n
a a
b, ct _ -1 ', ' b CT _ '
% € = Ty ” VieM (") Gk, | r'|)ds
+
ot
n
Hence a
a b
qu € Qi P4 Pq Pq Pq
L =+ (ry IE +r, I.7+ 1y IC -, I
where
a
b W _w
k = ~a = E /E_;
v b
a
b
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>
Second, use ki = /g k1 for the excitation vector Ii, and 5: = /e
—a a— b —

for the measurement vector I. Then all the remaining calculations are

exactly the same as in the prototype problem.

X. NUMERICAL RESULTS AND DISCUSSION FOR EXTENSION I

Some arbitrary but interesting combinations of different ea and eb
are used as examples. Tables 4, 5, and 6 give the peak values of the
dominant component of M, the transmission coefficients, the transmission
areas, and the maxima of the transmission cross section patterns in the
principal planes.

The sources are normally incident plane waves, with the magnetic field
polarized along the largest dimension of the aperture, for the diamond-~shape,
cross~shape, circular, etc. All the largest dimensions are chosen to be a
quarter wavelength, and the relative dielectric constants are chosen to be
combinations of 1 and 4. The results show an interesting phenomenon; i.e.
after changing the dielectric constant on one side, the aperture appears

to be resonant with respect to that half space. Hence both the equivalent

current and the transmission characteristics have significant increases.

e T s T Wi e Wt WO % & v




33

Table 4. Characteristic quantities of a diamond aperture with respect
to some combinations of €, and Eb
Aperture area = 0,0036 m2, L = O.ZSAO, W = L/2 where Xo is the

free space wavelength of the incident plane wave. (Xo = 0.48m).

(Ea, €b) (1, 1) (1, 4) 4, 1) (4, 4)
IM/E| 0.58000E 00 | 0.72000E 00 | 0.14300E 01 {0.18000E 01
max 0.91000E 00 | 0.11450E 01 | 0.22890E 01 | 0.28680E 01
T 0.23621E -01 { 0.15036E 00 | 6.12028E 01 | 0.33212E 01
a2y
TA 0.36908E -03 | 0.23493E -02 | 0.18794E -01 | 0.51892E -01

(TG/AZ)maX 0.57259E -03 | 0.56648 =-01 | 0.88513 -03 [ 0.89017E -01
(t /AZ)max 0.57259E -03 | 0.14162E -01 | 0.22128E -03 | 0.89017E -01
(Telxz)min 0.00000E 00 | 0.00000E 00 | 0.00000E 00 | 0.00000E 00

(T /)\2)min 0.55987E -03 | 0.12919E -01 | 0.21629E -03 | 0.81170E -01




Table 5. Characteristic quantities of a cross aperture with respect
to some combinations of Ea and Eb'
Aperture area = 0.008 mz, L = O.25Ao, W = L/3 where Xo is the

free space wavelength, (Xo = 0.48 m).

(.60 | D a, & 4; 1) 4, &)
,M/Elmax 0.78000E 00 0.11280E 01 0.22560E 01 0.1900CE 01
T 0.89157E -01 0.79526E 00 0.63621E 01 0.84532E 01
0%
TA 0.30957E -02 0.27613E -01 0.22091E +00 0.29351E +00

(Te/)\z)max 0.49090E -02 | 0.71640E 00 | 0.11194E -01 | 0.54156E 00

(T /}\2)max 0.49090E -02 | 0.17910E OO0 | 0.27984E -02 | 0.54156E 00

¢

(Teflz)min 0.00C600E 00 | 0.00000E 00 | 0.00000E 00 |} 0.00000E OO0

(T /}\2)min 0.46000E -02 | 0.14100E OO0 | 0.26300E -02 | 0.43650E 00

¢
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Table 6. Characteristic quantities of a circular aperture with respect
to some combinations of Ea and € .
Aperture area = 0.19635 m2, R = 0.25>\o, )\o = lm (free space)
(Triangulized aperture area = 0.17678 m2, )\0 = 0,94886 m.)
(Ea’ Eb) 1, 1 a1, & (4, 1) (4, 4)
'M/El 0.18860E 01 0.11212E 01 0.22420E Ol 0.15430E 01
max 0.44320E 01 | 0.16350E Ol | 0.32700E 01 | 0.19740E oL
T .15820E 01 .89937E 01 0.71949E 01 0.46297E 01
o?
TA .27967E 00 .15899E 01 0.12719 01 0.81844E 00
(Te/)\z)max J72745E 00 .12550E 02 0.19610E 00 0.52419E 01
(Td)/)\z)max .72745E 00 .31375E 01 0.49024E -01 0.52419E 01
(Tellz)min .00000E 00 .00000E 00 0.00000E 00 0.00000E 00
(r¢/x2)ﬁn .32401E 00 | 0.68000E -OL | 0.24698E -01 | 0.14000E 00
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XI. EXTENSION II: TLOSSY DIELECTRIC WINDOW

Assume now that the arbitrarily-shaped aperture is covered with a
non-magnetic material sheet (u = uo) which is very thin. Then, we can
treat this aperture as a continuously loaded case. The addition of one
more term to the admittance matrix of Fhe prototype problem will suffice
to give the solution in a straightforward way. Both theoretical and
numerical derivations will be given in moderate detail.

Since the aperture region is covered with a lossy dielectric
(0, €) there will be current [10] consisting of conduction current and

polarization current. This gives a total increase of volume rurrent

density
P
= T = [—
Al=dy =0+ 5
=0E + jw (e - € )E (23)

Since this window is assumed to be very thin, the electric fields on
both sides are still continuous. Hence equivalent currents can still
be M in region a and -M in region b. The current has no normal component
and is tangential to the window. The increase in surface current density

at the aperturce region should be

d < A/10

where d is the thickness of the window.

Now, instead of Hi = H: as in the prototype problem the boundary

condition at the aperture region is




g
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nxo - H = ag
= [0+ ju (e - € ))dE
= [0+ jule)d = (- A x M)
ﬂ‘t’ -Ei = - y M
where
v, = (o + jwhe)d 24

In general, for a good dielectric, the conduction current is much
smaller than the polarization current. Then j2 = jwhed, i.e. purely

susceptive.

Equation (24) can be rewritten as follows:
W - B2 - vl =~y m
=t~ S~ =t 9~
- 8P - BB) + y M = E
= -t =~
r® + P + vio - 1 (25)
(Y% = (<, yoM >]
=m’ 7= TNxN
If the window is isotropic and homogeneous, then

(Y"1 = ypleu, m sl | (26)

and V = [Ya + Yb + Y'Q]‘l_l)i can be solved by analogy to the prototype

problem as soon as we have Y2 computed.
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To evaluate Ymn =Yy <Em, §n> , referring to Fig. 18, we can |
see that corresponding to m, only five n's can make Ymn non-zero, i.e.,
n=m m, m, m m,.
n=m
'3 ')
2 + + - -
[ng._bgnds—” D o pds+” (L_)ng - g ds
2 3+ 2A 24
m T T m
m m
QZ
m 1 +,2 1 -2
= [;15“ lo_ | ds+—2” lo | ds]
m T+ m T
m m
QZ
~ m 1 | cty2 1 c—12
= et e L el
m m
4
n= mi, i=1,2,
9m b 'Qn
Jjﬂm-Mds=JJ( T 91—!_‘)'( +p)ds
2A° 2A
T + m
m T
m
zmz R
Y] ” By " Lyds
4Am 4
Tm
~ Qm n( ct, pc)
= +
LA~ "'“
m
Therefore
2
= + . .
Ymn (o + jwhe) d Lmn
where 92
m 1 ct+ (2 1 c=-,2
T[—T-‘pm‘ +=1lo, 11, n=m
A
m m
TR
~ m n ct c + +
L= 3 . , N =m , m
mn at £y 1’ ™
m
0 , otherwise
e ——— sedhessstessntensnten e
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Demonstration for evaluating Ymn
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XI1I. NUMERICAL RESULTS AND DISCUSSION FOR EXTENSION II

As a first example, let us consider some good dielectric sheets
(low loss: O = 10'6) with different dielectric constants Er being 900,
81, and 4, and variable thickness d ranging from zero (uncovered aper-
ture) to some reasonable limits (e.g. around O.lkd, where Xd = Ao//E:).
We use these materials for diamond-shaped windows (major axis 0.45A0,
minor axis O.IAO). Each is illuminated by a normally incident plane wave.
On first thought, we might expect the transmission coefficient to
become smaller after we cover the aperture with a lossy dielectric window.
However, in the limiting case (magnetic dipole mode for a small aperture),
the susceptance of a small aperture is inductive [17]. Now since the
dielectric sheet we use is essentially a distributed capacitive loading,

"resonance-like'" behavior to occur. Our

we might expect some kind of
results support this expectation.

Figures 19, 20, and 21 show the transmission coefficients vs. thick-
ness for the diamond-shaped windows. The incident wavelength Ao is 0.2m.
We see from these figures that when we start increasing d, the transmission
coefficients drop from their original value (0.504) to almost zero (~.10—2).
But, then, instead of becoming exactly zero, there is a jump in each case.
This resonance-like behavior can be explained as the result of the better
match between the two half spaces provided by the dielectric sheet of
proper thickness. Even though this resonance occurs at different d's

for different materials, it always reaches the same maximum value (8.728),

i.e., the T is independent of the material (¢ ). Also, this T
max r ma

X
%
is less than the optimum value for small apertures (TOpt = 10.61,

o T vy 8 L T s R
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Fig. 19. Transmission coefficient of a diamond-shaped window, Er = 900.

A =0.2; g = 10—4.
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Fig. 20. Transmission coefficient of a diamond~shaped window, Er = 81.

X = 0.2; 0 =10",
[e]




Fig. 21.

Transmission coefficient of a diamond-shaped window, €, = 4.

A =0.2; 0= 107",
[e)
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at resonance). This is due to the fact that the capacitive coupling through
the dielectric sheet can never reach exactly perfect matching, since we are
only modifying five elements of each row in the admittance matrix.

As a second example, we choose 0 = 10_4, er = 900 for a rec-
tangular window (actual slot 0.45)0 by O.OSAO) illuminated by a normally
incident plane wave. Figure 22 shows the result. Since the slot is already
in resonance, its transmission coefficient has the optimum value (Tmax. =
10.8 = Topt.) before we cover it. Then T monotonically decreases as we in-
crease d. There is a small rise near d = O.SXd, but that thickness is
probably outside the range of our theory. We can say that the window pro-
vides a shielding effect in this case.

Finally, let us check the effect of high loss dielectric materials.
With the same rectangular window and the same incidence as in the previous
example, we choose four different cases:{(qg, Cr) = (5000, 900), (5000, 4),
(104, 900), (104, 4). The results are shown in Figs. 23 and 24. These curves
are interesting yet difficult to interpret, especially for the extremely high
and narrow peak right before the dropping to zero. Regardless, they show
very good shielding effect; i.e. the T already drops to zero at around
d = 2x 10—4, 10—4. Actually, since the skin depths here (approximately
1.84 x 10_4 and 1.30% 10_4) are much smaller than one tenth of Ad (6.67 x 10—4
and 10-2), they play a more important role. As we can see, the unexplanable
peaks occur near those thicknesses. Tt may be that our formulation doesn't
work when the sheet thickness become comparable to its skin depth. Never-
theless, with high conductivities, changing dielectric constant doesn't change
the curve much; while with the same dielectric constant, doubling the conductivity
gives the same effect with only half of the thickness required. This is reason-

able because there the factor o +ijwAe 1is approximately ¢ +j(€r—l)/12, which

obviously has a dominant real part.
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XIII. CONCLUDING REMARKS

To obtain the transmission characteristics of arbitrarily-shaped
apertures, the generalized network formulation for aperture problems was
utilized. Triangular patching and local position vectors were used as
bases for arbitrary 2-dimensional shapes. Extensions, such as different
media in half spages and lossy dielectric windows, were derived. Programs
for calculating both far-field and near-field quantities were also developed.

The apertures considered in this report were for coupling between
two half spaces. As further work, we could try some of the following:
arbitrarily-shaped apertures backed by an infinitely-long wire, and arbitrarily-
shaped aperture providing coupling between various combinations of half-spaces,i
waveguides, and cavities.

We should point out that there are systematic schemes for generating
the triangular patching model [14, 15]. But for the sake of simplicity, it
may still be preferable for the user to input all the nodes and meshes himself.

One more thing, magnetic and electric polarizabilities of small aper-
tures have been solved with scalar bases and quadrilateral and triangular
patches [16]. It would be interesting to find the polarizabilities for

arbitrarily-shaped small apertures by using the vector bases.

XI1v. COMPUTER PROGRAMS

This complete program treats the most general case; arbitrarily-shaped
apertures on an infinite conducting plane, half spaces on both sides can
have different media, the aperture can be covered with a lossy dielectric
sheet. A thorough listing of the complete program will be given after a

short description,

P




In addition to the main program, there are 18 subroutines and 1

function subprogram in this set. They are the following:

MAIN

SOLTN

INDATA

GEoM

AJUNC

CURDIR

BODPAR

YMATRX

YWINDO

MAGCHA

TRANS

MEASUR

SCAINT

VECINT

LININT

INTGRL

CA

EXPRN

CSMINV

DTRMNT

Brief descriptions of MAIN, SOLTN, AJUNC, YMATRX, YWINDO, MAGCHA,

TRANS, MEASUR will be given; all the other subroutines were adopted from Rao's

work and modified for 2-dimensional geometry.

IT R,
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MAIN program reads in the number of nodes NNODES, the number of
edges NEDGES, and dielectric constants DIA and DIB. It calls subroutine
INDATA to read in all the nodes DATNOD and meshes NCONN. By calling
subroutines GEOM, AJUNC, CURDIR, BODPAR it obtains the triangular patching
model of the aperture. Then subroutine SOLTN is called to find the trans-
mission characteristics.

SOLTN subroutine reads in properties of the possible window; con-
ductivity SIGMA, difference between the dielectric constant and 1 (free
space) DELDIE, thickness THICK; window with zero thickness means aperture
without covering. It also reads in the number of incident fields to be
treated NFIELD, incident angles THETA and PHI, incident polarizations
ETHETA and EPHI, and a flag IRCS for calculating the aperture transmission
cross section. It calls subroutine YMATRX and YWINDO to get the admittance
matrix CY and the excitation vector CI, inverts CY by calling CSMINV, then
obtains the magnetic current coefficients CV and calculates the transmission
area TS, transmission coefficients T and TCHA (the latter is normalized with
respect to normal incident power density). As an option, subroutine MAGCHA
can be called to give the corresponding magnetic charge distribution. Finally,
IRCS serves as an indicator to show whether subroutine TRANS should be called
and which polarizability of the transmitted field is to be considered;

IRCS = 0 means the TCS pattern is not desired, 1 or 2 means theta- or phi-
polarized TCS pattern is to be computed.

AJUNC subroutine finds the corresponding pair of triangles for each
non-boundary edge, NJUNC. It serves as a preparation for YWINDO.

YMATRX subroutine calculates the summation of admittance matrices,

for both half spaces,CY, the excitation current vector CI in half space A.
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It evaluates the necessary integrals in the triangular area by calling
SCAINT and VECINT.

YWINDO subroutine is called only when THICK is not zero. It com-
putes the load admittance and adds it to CY.

MAGCHA calculates the equivalent magnetic charge densities. It
can be dropped out without hurting the completeness of the general-purpose
program set.

TRANS subroutine is called to find the theta- or phi-polarized TCS
pattern when IRCS is 1 or 2. It reads in the initial angles THETAl and
PHI1, final angles THETAZ and PHI2, numbers of subangles NTHETA and NPHI
to form the mesh nodes for desired TCS. It calls MEASUR to obtain the
measurement vector CIM in half space B,

MEASUR subroutine computes the measurement current vector CIM in a

similar way as YMATRX computes CI.
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THIS PROGRAM CALCULATES THE MAGNETIC CURRENT DISTRIBUTION
FOR A ARBITRARY-SMAFE APERTURE CN A PERFECT CCAODUCTING PULANE
EXCITEL BY A PLANE WAVE OF DESIRED AMPLITUDE E-FIELD.
THE ARBITRARY APERTURE IS CESCFRIBED BY
A SET CF NODES AND THEIR COORDIMNATES,ANC EDCES CONNECTING
THESE NODESeTHIS PRCGRAM MANIPULATES THE GIVEN DATA TO
CETAIN TRIANGULAR PATCHES AND CURRENT DENSITY [€ CALCULATED
AT THE CENTER CF EACH EDGE+AS IV IS THIS PRCGRANM CAN
HANDLE 100 X 100 UNKNCWNS. BUT BY MODIFYING THE DIMENSICN
STATEMENTS CNE CAN USE STILL LAFGER SUIZE MATRICES.
THE WMAIN PRCOCGRAN READS THE TCTAL NUMBER COF
NODES AND YOTAL NUMBER OF EDGES.IT ALSC CALLS FIVE SUBRCUTINES.
INMPLICITY CCMPLEX (C)
COMPLEX CV(200)¢eCI(200)2CY(5050).CIN(200)
DIMENSION DATNOD(15092)
INTEGER MCCAN(30063) ITRAK(I00 )+ NBOUND( 15054)+IMINL300)
INTEGER NJUNC(3C0,3)
COMMON/IF/IFACE
CCMMCN/DIELEC/C1A,CIR
READ THE TYOTAL NUMEEF CF NCCES(NNCOES) ANC ECGES(NEDGES).
READ(1+45) NNOOES.NEDGES
FCRNAT(213)
CALL INDATA(DATNCC «NCCANNNCDESSNECGES)
CALL GECM{NCONNsNEDOUNOs ITRAKy IMIN yNEODOGESsANCDESoNSE o NAPTRE ¢ NHANDL )
HERE WE CALULATE TFHE TOTAL NUMEER OF FACES{NFACES).
WE ALSC CALCULATE THE NUMEER OF UNKNOWNS(NUNKNS ).
THE NUNBER OF UNKNOWNS ARE OEBTAINED BY SUBSTRACTING THE
NUNBER CF SURFACE ECGES(NSE) FROM TOTAL NUMBER QF EDGES.
NFACES=IFACE
NUNKNS=NEDGES~NSE
CALL AJUNCINJUNCsNBOUNDNECGES,NFACES)
CALL CURDIR(NCCANNBOUNDoNFACESeNECGES,s IMINJNSE)
CALL BCDPAR(DATNACDNCCNNeNECUNDoNNOCES+NEDGES+NFACES,
SNUNKNS o NSE o NAPTRE o« NHANCL )
READ(1,55) DIADIE
FORMAT(2FEe])
BRITE(3+60) DIA.DIB
FCRMAT(®1° o/ /71X *0IA=®oFB843¢//+1%e*0IB="4FET)
CALL SCLYN(CYsCVeCI+NUNKNS ¢DATACQDoNCCANsAECUNDSNEDGES
SNFACES«NNODESs IMIN ITRAKsCIM{NJUNC)
STCP
ENC
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SUBROUTINE SOLTN(CY sCVeCIoNUNKNSDATANCDoANCCANNBOUNCNEDGES,
SNFACESoNNOCESe IMINs ITRAK,CINNJUNC)
IN THIS SUBRCUTINE o+THE MATRIX ECUATION Yv=[ [S SOLVED.
Y=MATRIX AND [-MATYRIX ARE CETAINELC BY CALLING TFE
SUBROUTINE YMATRXe LSING SUBROUTINE CSMINVe BE IANVERTY
THE Y=NMATRIX AND THEN MULTIPLY EY CURRENT VECTOR TO GEY THE
VOLTAGE COEFFICIENTS.THIS SUBRCUTINE ALSC CALLS TWC OTVFHER
SUBROUTINESe NANMELY MAGCHA AND TRANCSe TO CCMPUTE MAGNETIC CHARGE
DISTRIGUTICK ANC TRANS CROSS SECTION RESPECTIVELY.
IMPLICIY CCMPLEX (C)
REAML CABS.COS
COMPLEX CV INUNKAS e NUNKNS ) o CVINUNKNS ) o CTINUNKNS ) s CIM{NUNKNS)
COMNPLEX HYHETAGHPFI ETHETALEPF I oFNTHNP
OIMENSION OATNOD(NNODES.3)
INTEGER NCCNN(NECCGESs3)¢NBOUNC(150:4)+ ITRAK(NEDGES) o IMIN{ NEDGES)
INTEGER ANJUNCINEDGES,3)
COMMON/PARAM/TrETA +PHILLIF LELD
CCUNCAN/FIELO/ETHETALEPHTI L ALAMCA
CCPMON/MODL/AREAT oRAVoIKNAX o IKNENSRNAXGRMIN
COMMON/MOD2/AVAREA s JMAX o ARNAX o JMINCARMINSKNINGRATIO
CCPNCN/FHINCI/FRHING
COMMON/KKK/AKoFI
COVMMON/DIELEC/01A.DIB
CCVNCN/PCLARM/HNT o HMP
COWNMCN/FRE/ACVEGA
C SPECIFY THE WAVE LEAGTH (ALAMCA) IN METERS.
FI=3.1415926¢%
ALAMDA=0.2
DIE=SART(D1A)
ALAMCA=ALAMOA/DIE
AK=2,0%FP1/ALANMCA
VEL=3.0E¢#0E/DIE
FREQ=(VEL/ALAMDA )¢l .0E~06
ACVEGA=2.0%PI21.0E+06*FREC
ANMU=4.,08PL*L.0€E~-07
AIMP=120.04P1/0IE
EPSLIN=1.0/(VEL$3$2%AMY)
AREAT=AREAT/(ALANDA®%2)
RAVZ=RAV/AL AMDA
RMAX=RMAX/ALAMCA
RMIN=RNIN/ALANCA
AVAREA=AVAREA/{ALAMDA%22)
ARMAX=ARNMAXZCALAMCAS82)
ARFNIN=ARNMIN/{ALANCASS2)
FACESM=1.0/AVAREA
WRITE(3,20%)
205 FCRMAY(®L1°///7/7777725X¢*NCODELING PARAMETER LISY @ REGION A*///)
WRITE(3+,208) AFREAY
206 FOFMAT(/10Xe?SURFACE AREA CF THE APERTURE= *,1E138:1Xe*SQ.
$ WAVE LENGTHS®)
WRITE(34205) RAVSIKNAXSRMAXGIKNEINSRNIN
209 FORMAT(/L10X+*AVERAGE EOGE LENGTH=®,1E13.5+1Xe°BAVE LENGTHS?,
$//710Xe *MAXINUM EDGE LEANCTHUEDGE NO®o1201Xe ' )m®,1EL13.Se N,
SYNAVE LENGTHS? //10X " MININUN EDGE LENGTH(EDGE NCe"9 13,
S1Xe® )29, lEL3.Ss IXe *WAVE LENGTHS®)
WRITE(3e¢210) AVAREA, JMAXARMAX e JMINosARMIN
210 FORMAT(/L10Re*AVERAGE FACE AFEA =°o1EL13eSelXe*SQeWAVE LENGTHS®,
$//710Xs *MAXIMUM FACE AREA (FACE NOo®ol01Xe® )= 1E13eSelXe
SPSCeWAVE LENGTFS®e//10Xe*MINIMUM FACE AREA (FACE NO<'e13,
S$1Xe®)=2o1EL13eSelNe®SAcBAVE LENGTHS?)
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WRITE(3I«211) KMINSRATICeFACESH >

211 FOFMAT(/10Xe*MINENUM FACE +EICHT TC EASE RATIO (
SFACE NOe®o130iXe?)=231E13e5¢//710X¢*AVERAGE NUMBER OF FACES PER
$ SCUARE WAVE LENGTFr=",1E13,95)
WRITE(2.212)
212 FORMAT(®1°¢//720Xe®ELECTRICAL PARAMETERS®)
WRITE(3e213) FREQ.AOMEGA, AKo AL AMDA
213 FORMAT(/10Xe*FREQUENCY="lE13eSelXe?MF-2%¢//410Xe *ANGULAR
SFREQUENCY=*41E 125t Xe*RADIANS/SEC®¢//910X+°HAVE NUVNBER=®4 1E13.5,
SIXe*(L/NETERS ) *e//7010Xe *BAVE LENGTF="4 1ELI+Sel Xe ?METERS"®)
RWRITE(3e214) EFSLENGAMUSVELsATNP
214 FORMAT( /10X *PERNITTIVITVZ® 1E135¢1X0*FARADS/METER®»
$/7/7+10X e *PERNEABILITY=* IE1JeSe 1 Xe "HENRYS/METER?®,
$/7/7e10X¢*VELCCEYY CF LIGHT=*o1EL13Ss 1N *NVETERS/SECOND®,
$/7/7+10Xe *INTRINSIC INMPEDANCEZ®*QE13eSe1Xs*CHMS®)
C INITIALIZE THE Y-MATRIX
DO 10 I=1oNUNKAS
DO 10 J=1 oNUNKAE
CY(1J)=CMPLX(0,02040)
10 CCATINUE
C READ THE NUNBER OF INCIDENTY FIELDS FOR WHICKH THE MAGNETIC CURRENT
C DISTRIEUTION NEEDS TC BE COMPUTED. IV IS NECESSARY TOQ
€ SPECIFY THE INCICENT FIELC PARAMETERS ON SEPARATE CARDS
C SO THAY THE PRCGRAN EXECUTES CNE SEY OF PARAMETERS AY A TINE.
READ(19699)SIGMASDELDIE«THICK
699 FCRNAT(E10e3+sF10e5+€E10.3)
FEADC(LLISINFIELC
15 FORMAT(13)
DC 499 1J=1+NFIELC
IFIELO=1J
C INITIALIZE THE CURREANT AND VOLTAGE VECTORS.
DC 498 (=1,NUNKNMS
CVCT ) =CHPLX(0e0+¢040)
CI(I)=CPPLX(0:0+0.0)
498 CONTINUE
READ THE INCICENT FIELD PARAMETERS.THETA ANC PHI REPRESENT
THE USUAL SPHERICAL CCCRDINATE ANGLES WHICKH DETERMINE THE
DIRECTION OF PROPAGATION OF THE PLANEWAVE. ETHETA AND EPHI
REPRESENT THE AMPLITULE OF THE INCIDENT PLANEWAVE.
THE VARIABLE IRCS IS REFERRED TO THE CCMPUTATICN
OF TRANS CROSS SECTION. IF IRCS=0s THEN RADAR CROSS SECTICN IS
NCY CCHMFUTED.
READ(1016)VHETAPHIJETHETAEPHI « IRCS
16 FORMAT(6E103012)
WRITE(3417) THETAPHI
1?7 FORMAT(//5X+*ARGLE OF KNCICENCE®4//¢10X*THETA=®1E1351Xs OEGREE
$S®9//10Xe*PHIZ® 5 1EL13eS eI Xs "DEGREES®)
HPHISETHETA/CHNPLX(AIMP0.0)
HYHETASEPHI/CNPLX(~AINP3040)
FHINC=CABS(CMPLX(CABSIHPHI ) +CABS{HTINETA)))
WRITE(3¢18) ETHEVALEPHIJHTFETAJHPHI
18 FORMAT(//5Xe*PCLARIZATICA® o// 10X *E~THETAx (*+2E1349%s
$°) VOLTYS/METER®,
$//7¢10Xs PE-FHIx ("o2E13.%+°) VOLTS/METER®,
$/7e10Xs ' H=THETAZ(® ¢2E13e5¢%) ANPS/NETER®,
$//7010Xe "H=PHIZ(2¢2E13.5¢°) APPS/METER")
THETA=THET ASF1/180.0
PHI=PHIS®PI/180.0
C CALL THE YMATRX SURGUTINE TO FILL THE Y-MATRIX
C AND THE CURRENT VECTOFR.
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CALL YNMATRX(CY CATNODsNCONNNEOUNC+NNODES oNEDGES »
SAFACESoNUNKANSITRAK.CI)
ZERC=e00Q0E*Q0
IF(THICK.EC.ZERC) GC TC $9¢§
CALL YW INDCUCYoCATNOD o NCONNo NBOUND ¢ NNODE S+ NEDGE S+ NFACES ¢ NUNKNS o
STVFRAKONJUNC eSEIGNAGDELDIESTHICK)
999 IF(1JeNEL1) GC TC 19
C OBTAIN THE INVERSE OF THE Y-MATRIX.
CALL CSMINVICY (NUNKNS ¢ NUNKNS ¢ CDTRMo ACCNC, IER)
C MULTIPLY THE Y-INVERSE MATRIX 9ITH CURRENT CCLUMN VECTCR
C TO CEYAIN VOLYAGE CCEFFIECIENTS.
19 CC 20 I=14NUNKNS
DC 20 J=L1eNUNKAS
CV(II=CVIdeCY(IeJDNCICY)
20 CCATINUE
C WRITE VYHE MAGNETIC CLRRENT DEANSITY TABLE
EABS=SORT(CABS(ETFETA)*224CABS(EPHEI)#82)
wWRITEC(3.22)
22 FORMAT(®1°4/7/7/725Xe* SURFACE MAGNETIC CURRENTS®4///)
WRITE(3.22)
23 FCRMAT(1IXe *EDGE NUMBER? 425X, *MAGNET IC CURRENT DENSITY (WEBS/M—~S)°®)
ARITE(3.24)
24 FORMAT (/20X e *REAL e EXe* IMAGINARY? 46X *MAGNITUDE® ¢8Xe®* PHASE*
$eBX* I M/E] RATIC?e6X.*"PFASEC?)
NSE=NEDGES~NUNKRPS
K1=0
CC S0 I=1.MNEDGES
IFI(NSEJ.ECs0) GC TC 31
0Q 30 J=1eNSE
IF(1.ECoITRAK(J)) GO TQ A4S
30 CONTINUE
N Ki=Klel
RAL=REAL(CV(IXK1))
AA2=AIMAGICVIK1))
RAI=CABS(CVIKL))
RAA=ATAN2(RA2.,RAL)
RAS=RA3I/EAES
RACG=RAQ21EC.O/F1I
WRITE(3+4101) [+RALIJRAZ2,RAIRAQRAS,RAE
101 FORNATI2X 0 148X s 1E13,5¢2Xs1E130Se2Xe1E130%e2X41E13,%,
S$S2NelEL13eSe2NelEL1TeS5e/)
GO Y0 50
45 CO=CHNPLX{(00+040)
" WRITE(34101)1,CCeCO.CO
50 CONVINUE
C CALL WMAGCHA SUBROUYINE TQ CALCULATE THE MAGNETIC CHARGE DISTRIBUTION
CALL MAGCHA(CVYsCAYNOCDoNCCAR JNBCUND MNCOESNEDGES,
SNFACESeNUNKNSo T TRAK)
C CONMPUTE THE TRANSWISSICN AREA AND THE TRANSMISSION COEFFICIENY
CTSE=CHMPLX(Ce0sC40)
DO 100 1I=1.NUNKNS
100 CTS=CTSOCV(IISCCNIG(CIC(TL))
TSREAL(CTS)/(2,0%A1NMP)
AREAIN=AREATSCOSITHETA)SALANMDASR2
T=YS/AREAIMN
WRITE(3e01C) TS,T
110 FORMAT(®1°4///777e10X"TRANSHISSION AREA =% 3 1E130a5e2Xe*°S0e METERS®,
$//7/7s10X o *TRANSHISSION COEFFICIENT =°4,1E13.5)
TCHASTS/(AREATSSLANDASS2)
WRETE(3+120) TCHA
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120 FOFMAT (//410Xe°TCHA =° ,1E13.5)
IFCIRCS.EC.0) GC 1O 499
C SINCE IRCS IS NOT ECUAL TO ZERC.COMPUTE THE TRANSMISSICN
C CRCSS SECYICN
IF(IRCS.EQGe1) GC YC 299
IFCIRCS<£Q<2) GO T0O 399
GC T0 499
299 HMT=CMPLX(1400040)
FMP=CMPLX(0.0+040)
GC T0 4S50
ag9g HMT=CMPLX(Co0v0e0)
HMP=CHMPLX(100+000)
450 CALL TRANCS(DATACCeNCONN NECUNDeNNODESoNECGESeNFACES,
SNUNKNS ¢CVo ITRAK oCIN) '
499 CONTINUE
RETURN
END
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SUBROUTINE INCATA(OATNOD+NCONNsNNODES ¢ NEDGES)
THIS SUBRCUTINE REACS TWC SETS CF INPUY CATA AND ARRANGES THEM
IN NUMERICAL OCROER.THE FIRSY SET OF DATA CONTAINS NODE NUMBERS
AND THEIR CCCRCINATESCEACK NOCE ALONG WITH IT°*S THREE COORDINATES
IS READ AND STORET IMN THE WMATRIX DAYNCOD.
THE SECCND SET OF DATA CONTAINS EDGE NUMEBERS AND
THE MNCDES TO WHICH THIS PARTICULAR ECGE IS CONNECTED. THIS
INFORVMATICN IS STCREC IN TFrE MATRIX NCONN,
DIMENSION DATANQO(NNODES,2) '
INTEGER MNCCNNINELGES.3)
CO 10 [=1+0NNCCES
READ{1+5) NODEesXeVY
FCRW¥AT(1I3,2F8.%)
AN=FLCATY(NCOE)
OATNCDINCDE ¢ 1)=AN
CATANCOD(NCCEs 2 3=X
CATNCODE(NCODE 3 )=Y
CCNTINUE
80 20 I=1.NECCES
READ{1615) NESNFNT
FORMATI(3123)
NCONN(NE s 1 )=NE
NCCNNENE ¢ 2)=NF
NCONN(NE ¢2)=NY
CONT INVE
WRITE(3.18)
FCRMAT(*1®)
ARITE(3+19)
FORMAT(20X o *VERTEX CCCROINATE oL 1ISTY*)
RRITE(3.21)
FORMAT(/720X+ *ALL DIMENSICNS ARE IN METERS®)
WRIVE(3.,22)
FORMAT(//1%Xe* VERTEX NUMBER® ¢SXe*"X-CCCROINATE® +SX,
$'Y=CQORD INATE® )
DC 30 I=1+NNCCES
IOUMMY=TIFIX(DATANCD(1e3))
WRITE(3¢Z2I)IDUNMMY DATANCD(102)«DATANOD(1,:3)
FORNMAT(/3IXo 1301 1Xo1EL1I.5e2Xe1EL13E)
COATINUE
BRITE(3,28)
FCRIMAT(*1°)
RFIVE(3,29)
FORMAT( /10X *EDGE-VERTEX CCANECTION LIST®?)
CC A0 f=1+NEDGES
WRITE(3IeI1INCOANC(TI o1 Do NCCANCTe2)eNCEONNLELLI)
FORMATL(/IXeEDGE® 21241 ,° 1€ CONNECTED FROM VERTEX® iXel13siX,e
S°TC VERTEX®e1iXe13)
CONTINUE
RETURN
ENC
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SUBROUTINE GEOM(NCONNNBCUND+ITRAKs IMINNEDGES o NNODES»
SASE+NAPTRE JANFANCL)

THIS SUBROUYINE USES THE IAPUY CAVYA TO FORMP TRIANGULAR PATCHES.
THE INFORMATION CCNCERNING THE TRIANGLE AND ITS ASSOCIATED
EOCGES 1S STORED IN THE MATRIX NBOUND. [TRAK AND IMIN ARE TwO
AUXILIARY VECTORS NEEDED IN THE PROGRAM<IN CASE OF AN OPEN B800Y,
IT CALCULATES NUMEER OF APERTURES AND NUMBER CF HANDLES.
IT ALSC LISTS THE SURFACE EDGES ASSOCIATED WITH EACH APERTURE.

INTEGER ACONN(NEOGES93) . NECUNDI(150+4)¢ ITRAK(NEDGES)

INTEGER ININ(NEDGES) '

CCHMCN/ IF/ IF ACE

EFACE=0

NF1=0

NF2=0

0C 100 1J=1.NECGES

ICQUNT=0

NI=NCONN(1Je2)

N2=NCCAN(TJe3)

CO 10 I=1.NEDGES

£O 10 J=3Z,2

IF(1.ECalJ) CC TC 10

NA=NCONN(1.:J)

IF(NAJEQeN1.0RNAEGQGeN2) GO TO 6

¢C TC 10

ICOQUNT=ICOUNT+}

ITRAKCICOUNT)=1

CCATINVE

PARK1=0

FARK2=0

CCNTINUE

k1=1

E1=ITRAK(KL)

EC 18 I=2,ICCUNT

IF(ITRAK(I).LTY.I1) GO TO 12

GO TC 15

I1=ITRAK(]1)

ki=I

CONTINUE

IF(MARKL sEGe ICOUNT) GO TO 100

IF(I1GT.1J) GC YC 20

G0 TC 31

CCNYINUE

N3=NCONN(I142)

NA=NCONN(I143)

IF(N3EQeN1.CReMA3I.ECeN2) GO YO 21

IF(NG.EQaNL1aCRNO.ECeN2) GO TO 22

NE=N4

¢C vC 23

NB=N3

CONTINUE

I1CC=0

CC 2% I=1.NECCES

€O 28 J4=2.32

IF(1.EC.11) GC TO 25

NC=NCONN(T o J)

IF(NC.EQ.NB) GO TO 24

GC TC 25

1CO=1CC*1

IMINCICO)=]

CCATINUE
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30
3

32

35

T4

100

129

120

148
147

DC 30 1=1,1CC 39

TA=INMINGT)
IFI(NLAECoNCCAMNCTAL2)O0RNLaECNCONNITAL3)) GC TO 29
IFIN2,EQuNCONNCIAL2)0R.N2.EQeNCONNCIAL3)) GO TQ 29
€C TC 30

I2=1A

G0 1C 232

CONT INVUE

CCATINUE

FTRAK( K] )=NEDGES+1
MARK1=MARK] +1

¢Cc TC 758

IF(I2.LTalJ) GC TC 74
IF(IFACE<EQ.0) GC TO 2S5
AF1=ABCUNDC(IFACE.2)
NF2=NBOUND(IFACE ,3)
IF(1JeEQeNF1.ANDALI2.EQNF2) GC TC 74
IFACE=IFACE+]
NBOUND{ IFACE +1)=1FACE
ABOUND(IFACEZ)=1J
NBCUNDCIFACE3)=11
NBOUNCCIFACE+4)=12
NARK2=MNARK2# 1

MARK1=MARK1+¢1

IF{MARK2.ECe2) CC TC 100
ITRAK(KL )=NEDGES+1

GO TQ 75

CCNTINUE

ITRAK{(K1 )=NEDGES+1
MARKLI=MARKL*1

¢C tC 75

CONTINUE

NSE=0

0C 120 [=1,1FACE

0C 120 J=2.4

ISEDGE=NBCUND(15J)

ACCUNT=0

DC 125 K=14IFACE

DO 125 M=244
IFC(1eECeKANDJEQ.M) GO TO 125
IF(ISEDGECEQ.NBCUND(Ks¥)) NCOUNT=NCOUNT ¢
CONTINUE

IF(NCOUANT .EQe0) GO TQ 118

6C Y0 120

NEE=NSE+ ]

ITRAK(NSE )= ISEDGE

CCNTYINUE

NAPTRE=(

IF(NSEEC.0) GO TO 991

CC 147 K1=1«MNSE

11=ITRAK(KL)

CO 145 J=K1sNSE

IF(JeEQLKL) GC TO 145
IF(ITRAKEJ) oG ITRAK(IKL)) GC TO 145
ICUMMY= [ TRAK(K ] )
ITRAKE(KL )= ETRAK(J)
FTRAK(J)=IDLMNY

CONT INUE

CCATINUE

DO 159 I=1.MSE
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ININCID=ITRAK(I)
1§89 CCNTYIMNUE
SRITEC(I,1555)
1599 FCRMAT(®1%,//,10X.*BOUNDARY CONTCUR LEST?)
161 CC 900 J=1eNSE
IF(IMINC(J)oNE4O) GC TC 16§
0 TO 900
169 1J=YIMINCGY)
IMINC(J)=0
NAPTRE=NAPTRE¢1
WFIVE(3,1601) NAPTRE
1601 FORNAT(//1Xe YAPERTURE® ¢ 13¢2X¢ *CONSISTS OF THE
$ FCLLOWING BCUNCARY ECGES®)
wRITE(3,1602) 1J
1€02 FORMAT(1SXe12)
NI=NCONN{1J+2)
N2=NCONN(1J,.3)

175 DC €00 K=1+ASE
(FCIMINC(K) «NELO) GO TO 178
GC TC 600

179 IK=IMINCK)

NK1=NCONNC IK 0 2)
PK2=NCOAN(IK+3)
IFIN2eEQeNKL) GC TC 190
IF(N2.EQ.NK2) GO Ta 19¢
GO0 TC &60¢
190 WRITE(3,1603) IX
1603 FCRMAT(1SX,13)
IMIN(KD=C
N2=NK2
IF(N2.ECeN1) GC TO 900
GC 10 6040
198 WFITE(3.1603) 1K
IMINIK)=C
N2=NK 1
IFI{N2.ECeNL) GQ TO 900
600 CCATINVE
IF(N2.NEehN1) GC YO 178
900 CCATINUE
0C 901 I=).NSE
IF(ENINCI)eNELC) GO TC 161

901 CONT INVE

991 NHANDL=1~( IFACE~NEDGES*NNCODES¢NAPTRE)/2
REVURA
END
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SUBROUTINE AJUNCENJIUNC +ANBOUND«NEDGES«NFACES)
C THIS SUBROUTINE TAEULIZES THE JUNCTICAS,

INTEGER NJUNCU(NEDGES+»3) +NBCOULND(15044)

CC 10 I=1,MEDGES

NJUNC(1,1)=1

NJUNC(I.2)=0

NJUNC([.3)=0
10 CONTINVE

DO 70 I=1.MFACES

N2=NBOUND(1,2)

N3=NECUND(1.3)

Na=NBOUND(1+4)

IFINJUNC(N2+2).EQe0) GO TC 20

NJUNCINZ:3)=1
GO TC 30
20 NJUNC(N2,2)=1
30 IF(NJUNCINI2)«EC.0) CC TO 4O
MNJILNCIN3 O I)=1]
GO TQ SO
40 NJUNCINIL2)=1
€0 IF(ANJUNC(NG+2) .EC.0) GC TC 60
NJUNC (N4, 3)=1
GC TC 70
60 NJUNC (NG ,,2)=1
70 CONYINUE
BRITE(3,80)
80 FCRMAT(®1% 420X +®JUNCTICN LISV*//)

D0 100 I=}1 (NEDGES
BRITE(3Ie90) (NJUNC(I1eJ)eJ=1,3)
S0 FORMAT(/3Xo*EDGE® 131X *1S THE JUNCTION OF FACE®olXeI3e1Xe®AND FA
SCE® i XNe13)
100 CONT INUE
REVTURNM
END .
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SUBROUTINE CURDIRINCONNsNBCUNDoNFACESINEDGES+IMINSNSE)
IN THIS SURQUTINE ANCRMAL VECTOR TO THE SURFACE IS CALCULATED.
THE ANCRMAL VECTOR IS CETAINEC BY LISTING THE ECGES ASSCCIATED
WITH EACH TRIANGLE IN A SEQUENTIAL MANNERCHERE THE USER MHAS
THE CHCICE CF SELECTING THE DIRECTION OF NCRMAL .BUT IN THIS CASEs,
THE USER SHOULCL SUPPLY THE INFCRMATION IN A PRESCRIBED MANNER.
FOR DETAILILSPLEASE REFER TO THE REFERENCE SI1TED IN YTHE NQTE.
INTEGER NCCNNIANEUGESs 3 ) +NBOUNLC{ 150484 IPINI(MNEDGES)
INTEGER IMAX(6)
M=}
IMINGIM)=1
¥i=0
D0 $S9 1JK=1AFACES
IK= 19K
0C 2 1=1.6
IMAXCL)=0
2 CONTINUE
IFLAG=0
DC & J=leIM
IF(1JKAEQ.IMIN(J)) GO YO 1
IFLAG=1
4 COMYINUE
IF(IFLAG.EQ.1) GO YO 999
1 Ji=0
11=0
Li=0
[2=NBOUND( 1K 2)
I13=MBCUND(IKL3)
T14=NBOUANDC( IK48)
NI=NCONNCLI2,2)
N2SNCONNC(T2:2)
NI=NCONNI13,2)
IF(N3eEGeN1eCReNIEQeNZ) GC TC S
GC ¥C 10
5 NI=NCONN(13,3)
10 CONTINLE
11=1
ITEMP=]I2
11 DO 20 LJ=L+NFACES
D0 12 J=1. 1M
IFLIJ.EQCININ(J)) GO TC 20
12 CCATINLE
J2eNBOUND( 1J.2)
J3=NBOUND(JJ3)
JAENBCUND( TS 4)
IFC(ITEMP cEQeJ2 «CRITEMPEQeJIwORITEMPLEQaJA) GO TC 1S
G0 TC 20
 §-3 IiL=1J '
G0 TQ 25
20 CCATINVE
IFCI1EQeleANDJL<EQe1) GO TC 21
Ji=1
ITENP=]13
GO YO 11
21 IF(11EQe1eAND e J1eEQe14ANDLLIeEQs1) GO 10 23
Li=}
ITEMP=] S
G0 10 11
23 1FE(M] ,ECe1) GG TQ 999
Mizhiel
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Ix= 14K
GC 10 1
KNLI=NCONN(ITEMR ,2)
KN2=NCONN( ITEMP, 2)
IFIN]L cEQoKNL14OFReNl cEQeKN2) GO TO 135S
KN3=N1Q
GO 10 40
IF(N2.EC.KN1 cOFRaN2.EC.KN2) GO TO 36
KN3I=N2
GO T0O &40
KN3I=N3
J2=NBCUND(IL.2)
JI=NBOUNC( IL.2)
JO=RrBCUMC(IL . 4)
IFtJ24EC.ITENMP) GC TO 59
IFC(NCONNCJ2+2)cEQeKN1,O0R«NCONN(J2:2)eEQCeKN2) GO YO S7
KhQa=ANCCANCJ2,2)
GO TC ¢é¢
KN4=NCONN(J2.2)
GC YC 68
IFINCONN(JI02)eEQe KN ¢ CR«NCCANTJIe2)eEQeKN2) GC TO 61
KNA=NCONN(J362)
GC TC 68
KNKA=ANCONNCJ3,3)
CONYINUE
IF(IM.EQeL) GO YO (1S
IFCITEMFPSEC.IMAX(6)) GC TO 109
IMAX(L)=IMAX(S)
IMAXC(2)=MMAX(A)
INMAX(I)=IMAX(G)
GC 7C 118
IMaX(LI=IMAXNCA)
INAX(2)=IMAX(6)
IMAXC(3)=IMAX(S)
IF(M1eNEesl) GO TQ 175
IFCITEMPEC.NBCUNC(IJUK,4)) GO TO 168
IMAXCLI)=NBCUNC LTI UK A)
IMAX(2)=NBOUNDC(IJKe2)
IMAX(I)=NBCUNC(I1JK.3)
M1=0
GO T0 175
IMAX(1)=NBCUND(1UKs3)
IMAXC2)=NBCUNDCC(I JKe4)
IMAXCII=ABCUND (T UKo 2)
v1=Q
KDUMNMY=KN3
DC 100 I=1+2
IF(l1e€EQaleAND¥aNESl1l) GO TC 99
ID=1e(f-1)82
IF(I1TEMP.EQ.1I2) GC TO 79
IF(ITEMP.EC.I3) GC YO 89
IF(N]L cEQeKNI JANC N2.ECKNL) GC Y0 €9
EF(NLECeKN1sANDSN2.EGCsKANI) GC TC 69
IMax¢ICcCI=12
INAXCICe2)=]12
GG vC ¢S
IMaX(IC)=12
tvaxC(IC+2)=13
GO 70 SS
NNI=NCONN( 13,29
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a9

91

99

100

146

999
1000

se

102

ANZ2=NCONNC( 13 ,3) o

lF(NNl.EQ.KNl.AND.NNZ.EG.KhS) GO T1C et
IF(ANLLECoKNI«ANCNN2.ECKNL) GO TG 81
INAXCID)=14

IMAX(IDe2)=12

GC TC 99

IMAXLEC)=12

IMAXLED+2)=14a

GC TQ 99

IFIN]L cECo KNI, ANDN2.EGaKNL) GC TC 61
IF(N1.EQeKN1.ANDeN2.,EQeKN3I) GC TO 91
INAXCIO)=14a

IMAXCID®2)=12

GG TO 96

IMAXCID)=12

INAXCID®2)=14

KN3I=KN4&

12=J2

13=J3

14=J4

CCATINVE

KAI=KDUNNY

NALI=NCONNC IMAX(1),2)
NAZ=NCCAN(IMAX (1) e3)
NEBI=NCONN(INVAX(AQ),.2)
NB2=NCONN{IMAX(4),2)

IF(NP1.EQeMAL JCR.NEBL1.EQaNA2) GO TO 125
IF(NB2+EQeNAL<CF.NB2,EQeNA2) GC TC 125
IDUMMY=IMAX(E)

IMAXC(6)=TIMAX(A)

INAX(4 )=LDUNNY

IMAX(2)=ITENP

INAX(S )=ITEMP

IF(INM,NE«1) GO TC 149
NBOUND(IKe2)=INMAX(]1)
NEQUND(IK« 2 )=[INAX(2)
NOCUND(IKA)=INMAX(I)
NBCUNDC(IL2)=IMAX(6)
NEOUND(IL.2)=INMAX(S)
NECUND(IL o4 )=IMAX(S)

I=IMe1

IMNINCIMD=1L

IK=gL

IF(INMLEQ.NFACES) GO TC 1000

GO TQa 1

CCNTINUE

CONTINUE

IF(NSE.EQ.0) GO TO 1001

WRITE(3,.,98)

FORMAT(*1°)

WRITE(3+102)

FCRFMAT(10X+*LIST CF EDGES AND VERTICES BOQUNDING EACH FACE®*)
00 19SS [Jk=]1MFACES .
I12=NBOUND(1JUK.Z)

13=NBCUND(IJUK,3)

[4=NBOUNDC(I UK Q)
IF(NCONN(12¢2)«EQaNCONN(I3,2)) GO TO 1005
IFCNCCNNC(TI292)eEQaNCONN(I13,2))9 GO TC 1008
NI=NCCAN(T2,3)

GO 70 1006




£00S NI=NCCAN(TI2.2)

1006 IF(NCONNCI3¢2).EC.NCONN(L4,+2)) GC YO
IF(NCONNC(I342)EC.NCONN(I4,32) GO TO

N2=NCONN(I3,3)
GO TC 1011
1010 N2=NCONN(13,2)

1011 IF(NCONN(T4+2)EQaNCONN(I2,2)) 60 TC
IF(NCONN(]148+2)ECaNCONNII24,3)) GC TC

N3=NCOMNN(14,.3)

GO 70O 1016
1015 N3I=NCONMN(I4,2)
1016 CCMTINUVE

WRITE(301050) 1JKeJ2¢I30[0eN1eN2eN3

1050 FORMAT(/3Xe*FACE® ¢ 13l Xe*IS BCUNDED BY EDGES®oIX313sliXe 13,
$1XeI3s2Xe*AND VERTICES e IXelleliXelZelXe13)

18S9 CCNTINUE
1001 RETURN
ENC

1010
1010

1018
1018
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, 111

107

10
11

15
16

SUBRROUT INE BCOPARC(DATNCOD« NCONN JNBOUNDoMNCDESoNEDGESoNFACES,
SNUNKNSoMNEESNAPTRE«NFANDL )

OINENSEICM DATNCC(NNGOES«3 )AL (3 )+ (3 ) REN(I)
INTEGER NCCANC(NEDGES +3) JANBCUND(15044).1S5(3)
COMMON/VOL /7 V0L LME
CCHMEN/MODIZAREAT sRAVe IKMAX e IKMINJRMAXe RMIN
CCHMON/MOD2/AVAREA e JMAX o ARMAX o JMENCGARMIN KN INg RATIC
BRITE(3.110)

FCRMAT(*1°://7/72%Xe"BODY PARAMETER LIST®,///)
WRITE(30111) ANCDES NECGESeANFACES sASE«NUNKNS o NAPTRE « NHANDL
FORMAT( /10X« *NUMBER OF VERTICES=%91Xel3,
$//710Xs * NUNEER CF EDGES="4,1X413,
$/7/710X o *NUMBER CF FACES=31Xe13.
$/7/710Xe *NUMBER OF BOUNDARY EDGES=%41Xel3,
$//710X . *NUNMBER CF INTERIGR ECGESIND.OF UNKNOUNS) =®,1Xe[ 3
S//710X *NUNEBER CF APERTURES({ECUNDARY CCATCURS) =%, IXoIJ,
$/7710Xe * NUMBER OF MANDLES ='4.1X,13)

AREAT=0,0

ALT=0,0

00 199 [ JK=1.MFACES

I[2=NBCUNDC(IJKL2)

13=NBCUNDC( I JK(3)

I42NBOUNDC fJK o 4)

1sSC11=14

1s(2)=12

1s€2)=12

IF(NCONN( 1202 )aEQ.NCONN{I3,2)) GO TO €
EF(NCONNIE1242) eEQNCONN(13+3)) GC TQ S
NI=NCONN(12,.3)

GO T0 6

MENACEM(12.2)

IFI(NCONN{ £2:2)+EC.NCONN(I&4+2)) GC TC 10
IFI(NCONNC1342)oEQ«NCONN(I44,2)) GC TC 10
N2=NCCNNC(13+3)

GG TC 11t

N2=NCONN(13+2)

IFINCCNNTT442) cEQNCONN(I2+2)) GO TO 1S
IF(NCONNCTA+2)oEQ.NCONNI(I2,4:3)) GO TC 1S
NIaNCCNN(14,2)

GC TC 16

AI=ZACCNN(T4.2)

CCMTINUE

Xi1=DATNCD(MN1,2)

YI=CATYNCDINL 43)

X2=DATNCO(N242)

Y2=CATNOD(N2+3)

X3I=CATACD(N3,2)

¥3=DATNCO(N3 4 3)
ARI=(X2-X1)8(VI-YL)D)=(X3~X1)9(V2-Y1)
AREA=ABS(AF3)/2.0

AREAY=AREAT4AREA
AL(3)=SART{((X2~-X1)982¢(Y2-Y1)252)
ALCL)=SCRT((XI~-X2)8320(Y3-V2)822)
AL(2)=SORT((XA=X3)852¢(Y1-Y3)992)
ALT=ALTHAL (L)AL (2)+ALL(I)
H(1)=2.,08AREA/7AL(1)

H(2)=2.0%AREA/AL(2)

HEI=2,08AREA/AL(3)

REFCL)=F(LD/7ALLL)

REF(2I=H(2)/7AL(2)

e S, oy NPy A .,
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REH(3)=rH(3)/7AL(2)
IF(IJKeEQs1) GC TC 19
00 17 (=1,2
IF(ALCTI)LESRNMIN) GO TO 169
17 CCAMTINUE
GO Y0 21
19 IvIn=4S(1)
ALMIN=AL(L)
DC 20 I=1+2
AR=AL(IL#1)
IFCALVMINSLESAR) GC TC 20
ALMIN=AL(TI+41)
IMIN=IS(I¢1)
20 CCATINUE
EMIN=ALNIN
21 IF(1JK.EQel) GO TC 24
0C 22 1=1.)
IFCALC(L)GEuFRMAX) GC TC 24
22 CONTINUE
GC TC 26
24 IMAax=1IS(1)
ALMAX=AL(1)
DC 25 I=1e2
AR=ALCLI®L)
IF(ALMAX<GE+AR) GC TO 25
ALNAX=AL(I+1)
IMAX=]IS(I+1)
25 COMTINUE
RMAX=ALMAX
26 IF(I JKeEGCal) GC T¥C 35
D0 28 I=142
IF(RBF(1).LE.RATIC) GO TO as
28 CCATINUE
GO 70 41
35 KM IN=TJUK
RATIC1=FRBKH(1)
DO 40 1=1.2
IF(RATIO1.LE.RBF(I+1)) GC 1C 40
RATICL1=REBH(I+1)
40 CONTINUE
RATIC=RATIC!
41 IF(1JK.EQ-1) GC TC 198
IF(AREALE.ARMIN) GO TO 191
GC TC 192
161 ARMIN=AREA
JMIN=1 K
192 IF(AREAGELARMAX) GO TQ 186
GC 1C 199
166 ARNMAXN=AREA
JMax=1JK
GC TC 199
168 ARVAX=AREA
JMax=1JIK
JMIN=TJK
ARNIN=AREA
169 COMNTINUE
ﬂ‘vshLT/FLOAT(hECGESoNEnGES-NSE)
AVAREAZ=AREAT/FLCAT (NFACES)
FACESM=1,0/AVAREA
IKMAX=INAX
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206

208
209

210

211
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IRNEIN=TININ

WRITE(3.2085)

FORMATL////7/7777/7725%« *HCOELING PARAMETER LISY*///)
WRITE(J3,20¢) AREAT

FORMAT (/10X +*"SURFACE AREA CF THE SCATYERERz=*,1€13.5+1 X,
$® SCLMETERS®)

WRITE(3¢205) RAVSINAXRNAXGIMINGRMIN

FORMAT (/10X " AVERAGE EDGE LENGTH=Z%,1E13.2¢1X*NETERS?,
$//710Xo*MAXINMUM ECGE LENCTH{EDGE NO2®sI3s1Xs )=, LE1JoSe X,
S*METERS®,

$//710Xe *MINIMUM EDGE LENGTH(EDGE NO.*+I3s1Xe® )= 1E1JeBelX,
S*NETERS®)

WRITE(34210) AVAREAIMAXGARNAX o JMINARNMIN
FORMAT(/10X:*AVERAGE FACE AREA =°,1E13.%+1Xe*SQ.METERS®,
S//710X ¢ *MAXIMUM FACE AREA (FACE NOQ®eI3:1Xs% )=, 1E135e1X,

$*SC.METERS®,
$S/7/710Xe *MINIMUM FACE AREA (FACE NOo®s13:1%e?)="01EL3aSel X,
SO SC.NETVERS®)
WRITE(3e211) KFINJRATICFACESH
FORMATI/10X+*MINIMUN FACE HEIGHT TC BASE RATIO (
SFACE NCo®o1301Xa? 3= 1EL13.%¢//710Xe "AVERAGE NUMRER OF FACES PER
$ SCUARE METER=1,1€E13.5)
RETURN
ENC
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SUBROUTINE YMATRX{CY+DATACC «NCONN NBOUNC s AACOES o NEDGES o
SNFACES«NUNKNS o ITRAKSCI )

IN THIS SUBROUTINELWE COMPUTE THE MATRIX ELEMENTS AS DESCRIBED

IN THE REFERENCE SIVED IN THE NCTE.FIRST wE CALCULATE THE

POTENTIAL QUANTITIES OVER A SOURCE TRIANGULAR REGICN AT

THE CENTRCID OF A FIELD TREANGLESTHEN WE PUT THIS

QUANTITIES BITH APFRCPRIATE WULTYPLING FACTCRS N DIFFERENT

ROWS ANC COLUMNS OF Y—MATRIXe

IPPLICIY CCHPLEX (C)

REAL COS.CABS

COMPLEX CY(NUNKNSoNUNKNS) o+CT(NUNKNS) eHTHETAJHPHI
CCNPLEX CYTENP(S050),CITENP(%0)

COMPLEX CSC3)eETHETAGEPHI oHXoHY sHZ 4HDCTY
OINENSION DATNDD(NNODES.3) e TMAT(3,2)

INTEGER NCCNNC(NECGES+3)+NECUNC( 150+ 4)¢ 1 TRAK (NEDGES)
COMMCN/KKK/AK oP I

COMMON/PARAM/THETA«PHI e IF LELD
CCHNCN/FIELC/ETHETALEPF o ALAMDA
CCMMON/OIELEC/C1A4DIB

NFIELD=IFIELD

C1=CNPLX(1.04040)

C2=CMPLX(2404040)

2 DO 1040 IDIE=1,.2
DIE=SCRT(DIA)

IF(IDIE<EQa2) DIE=SGRT(DIE)

C CALCULATE ELECTRICAL FARAMETERS
PI=3.1415926%

AK=2.08PI/ALAMDA/SQRT(DIA)*CIE

VEL=3.0E+0E/DIE

AGNEGA=AK $VEL
CONST1I=CMPLX(1<0E~07+0+0)$CHPLX(0e0eAOMECA)
CONST2=CMPLX(S<0E#09¢0e0)8CHPLX (00l «0/ACNEGA)/OLESS2
AIMP=120.09PI/CIE

CINP=CHPLX(AINP <0.0)

CONST1=CONSTL/(CINPSCINP)

CONST2=CONST2/(CINPECINP)

C CALCULATE HTHETA ANC +PHI
HPHI=ETHETA/CIWVF
HTHETA=~EPF1/C INP
CT1=CHPLX(CCS(THETADL0.0)

CT2=CNPLXC(SIN(THETA) ,0.0)
CPEI1=CMPLX(COS(PHE)e0e0)
CPHI2=CHPLX (SIN(PHINe040)

C COMPUTE THE AMFLITULDE OF INCIDENT MAGNETIC FIELD IN

C TERMS CF FXoHY AND FZ. _
HX=HTHETASCTLOCFFIL-HPHISCPH12
HYZHTHETASCTLSCFHI24HPHISCPRTL
HZ=~HTHETASCT2
NSE=NEDGES—NUNKNS
DO 999 1JK=1oNFACES
IF(IJKoNEe 1ANDSNFIELD.GTo1) GO TQ 999

C CEVAIN THE EDGE NUMEBERS OF THE SOURCE TRIANGLE.
12=N8CUNDCT1JK+2)

I13=NBOUNDL 1JK¢2)
1e=ABCUNC(1JKoa)

C OBTAIN THE VERTICES CF THE SCURCE VRIANGLE.
EF(NCONN(T12+2)<ECoNCONNIIIV2)) GO TC S
IFINCONN( 12420 «ECGaNCONNC(I343)) GO TO S
NE=NCONN(12,3)

GC VC 6

[aNaNaNaNala)
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5 MI=NCCAN(T2,2)

6 IF(NCCOAN{13,2)<ECNCONN(T4,2)) GO TO 10
IF(NCCNNC(II42)EQ.NCONN(4,3)) GO YO 10
N2=NCONN(I3,2)

GO TQ 11

10 N2=NCONN(TI3,2)

i1 IF(NCONN{I442).EC.NCCNN(1I242)) GO TC 15
IF(NCONN(T1442).EQaNCONN(I242)) GO T0Q 1S
AI=NCCANT14,3)

GO TC 16
15 N3I=NCONN(T14,2)
16 COMTINUVE

C COETAIN THE CUGROINATES CF THE VERTICES CF THE SCURCE
C TRIANGLE.

X1=CATNCO(NL.2)
Y1=DATANCOD{I(NMNL,3)
X2=DATNOD(NZ242)
Y2=CATACD(N2.3)
X3=CATNGDIN3L2)
YI=DATNOD(N3L2)

CALCULATE THEE AREA CF THE TRIANGLE BY TAKING THE

MAGNITUDE OF TrHE VECTCF CROSS PRCCUCT GF THE TwC SIOES.
ARI=(X2-X1)#(YI-Y1)—(X3A=-X1)e(YVY2-Y1)
AREA=ABS(AF3)/2.0 )

CBTAIN THE LENGTHS CF EACH SIDE.
RZHMRIN=SORT((X2-X1)%%28(Y2~Y1)e®%2)
RIVR2M=SCRT((XI-XZ)s224(YI~Y2)e22)
RIVAIN=SORT((X1-X3 )*22¢(Y1i-Y3 )242)

CBTAIN THE HEIGHTS OF EACH VERTEX NMITH RESPECTY TC

C THE CORRESPONDING OPPCSITE EDGE.

CHE=CMPLX(2.0¢AREA/R3IMR2Me0+0)
CH2=CMPLX(2.0%AREA/RIMR3N¥40.0)
CHI=CMPLX(2.0¢AREA/R2MR1IM+040)

C NOW CALCULATE THE PARAMETERS OF TrE FIELD TRIANGLE.

DO 4S9 1J=1.NFACES

C OBTAIN THE EDGES OF ThHE FIELD TRIANGLE.

J2=pBCUND(1J52)
JI=NBCUNDI(TJ6T)
JA=NBOUND(1J+4)

C OBTAIN THE VERTICES OF THE FIELD TRIANGLE.

IF(NCONN(J2+2)«EQaNCCANCI32)) GO YC 250
EF(NCONN(J2+2)«EQNCONN(J2+3)) GO TC 2%0C
MNJI=NCONNCJI2,3)

GO TC 2SS

250 NJI=NCONN(J2.2)

255 IF(NCONN(J3:2).EC.NCONN(J4+2)) GO TQ 2S¢
IF(NCONN(JI¢2)<ECNCOAN(JI4,:3)) GO TC 256
NJ2=NCCNN( J3,3)

GC TC 2S8

25€  NMNJ2=NCCMNGJ3L2) .

258 IF(NCONN(J4+2)EQ-NCONN(JI2,2)) GO TC 259
IFENCCAN(JA,2) .ECaNCONN(J2:.23) GO TO 259
NJIZNCONN(JA43)

GG YO 260

259 NJI=NCONMLJ4G,2)

2€0 CONTINUE

C OETAIN TrHE CENTROID GF THE FIELD TRIANGLE.

X=(DATNOD(NJL o2)4+BATNCDINJI242)+DATNCCINI32))/730
Y=(DATNOD(NJ1¢3)4DATNCD(NJ2+I)+DATACD(NJI303))/3.0

C CALCULATE COMPCNENTS CF THE TESTING VECTOR

2 G e e e o X ERE
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C CCRRESPONDING TO EACH SIDE.
TMAT(1+1)=(DATNCC(NJ242)4DATNCCINJI242))/72.,0-X
TMAT(12)=(CATANCD(NJ2¢3)¢CATNCCI(NII3))/2.0~Y
TMAT(2¢1)=C(0DATACD(NJI3¢2)¢DATACD(NIL2})/2.,0~X
TMAT(22)=(OATNCC(NJ3¢3)*CATNCDI(NJIL193))/2,0-Y
TMAT(31)=(OATACC(ANJL ¢2)¢0ATNCD(NI242))/260-X
THAT(32)=C(DATACD(NJ1+3I)¢DATACDINI203))/20~Y

C OBTAIN THE COCCROINATES OF T+E FIELD TRIANGLE.
XJ1=DATAGCO(NJL 2)

YJI=DATNCD(INJ1,+2)
XJ2=CATANCD(NJI2+2)
YJ2=DATANCD(NJ2,])
XJI=DATNCD(NJIeZ)
YJI=DATNCD(NJ3I,, 2}

C CEBTYAIN THE LENGYH CF YHE EACH SIDE.
CSE1)=CMPLX{SORY((XJ2-XJ3)&424(VI2-YJI)%¢2),0.,0)
CSE2)=CHPLX(SCRY((XJ3-XJ1)982¢(YII-YJ1)%82),:0.0)
CS(II=CHPLX(SCRT((XJI-XJ2)2324(YJI1-YI2)2942),0.0)
IF(NFIELDsNESL1) GC TC 281

C CALL TrHE SUBROUTINES TC COMPUTE THE INTEGRALS.

CALL SCAINT(X13Y19X2eY¥2eX3eY¥I3eXeYeCPHIe AREA)
CALL VECINT( X1 eY1aX2:Y2eXI3eY¥3eXeYe
SCAXSI+CAETALAREA)
201 iv=0
COMPUTYE THE VECTOR AND SCALAR FCTYENTIALS ASSCCIATEC wliTw
EACr EDGE OF TFE SOURCE TRIANGLE.IF ANY OF THE THREE EDGES
IS A BCUNDARY ECGESTFHEN THE CURKENT COEFFICIENTY OF THIS EDGE
IS ZERGC AND HEMCE THE POINTER JUMPS CUT CF TrHE LGCOP.
HERE CAXoCAY AND CAZ ARE THE VECTCR POTENTIALS
IN THE Xeo¥Y AND 2-OIFECTIONS RESPECTIVELY,.
D0 4€0 IK=1,3
IF(IK<EQel) T1=14
IF({IKEC.2) 11=12
IFC(IK.EC.3) 1It=13
K1=0
IF(NSELEC.C) GC TO 2388
DO 285 J=1eNSE
IFC(I1.€EQ.ITTRAK(J)) GO YO 46¢C
285 CCATINUE
DO 287 K=1oNSE
IF{11.GT.ITRAK(K)) GO TC 28¢
GC TC 288

286 Ki=Kl+él

287 CONTYINUE

288 IF(IK«EQ.2) GC TO 300

IF(IK.EQet) GC TC 310

CFLAG=C]

IFC(NCONNCT1¢2)eEQeN2eANDeNCONN(IL1e3)eEQuNL)} CFLAG=-CL
CAXSCFLAGS(CMP_XIX1-X300)0CPHISCHPLX(X2-X100+0)*CAXSI
S4CHPLXE XI=%100eCISCAETA)/CHI .
CAY=CFLAGS(CMPLX{Y1-Y390.0)8CPHI®CNPLX({Y2~VY1+0.0)¢CAXSE
SeCHPLX(Y3I~Y1,0.0)9CAETA)/CHI
CSPOT=CFLAGSCCAST2sCPHI®C2/CHI

GO Y0 378

300 CFLAG=C]

EF(NCONN(11¢2)eEQeN1cANDACCNN(I1¢3)eEGeNI) CFLAG=-(CI
CAXZ=CFLAGS(CMPL XL X1-X2¢0.0)8CPHI*CMPLX(N2~X10.0)¢CAXS]
SHCHUPLX(XI-NE 00)9CAETAI/CH2
CAYSCFLAGS(CMPLI(YL=Y2,0,0)8CPHISCHPLX(Y2-Y1+:04,0)0CAXSIT
SHCHPLX(YI=Y1e0<0)CCAETA)/CH2

aNaNaNaNaXal
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CSPROT=CFLAGSCONET28CPKHISC2/CH2 72
GG YO 275

CFLAG=C]

IFUNCONNCILe2) eEQaNIeAND<NCONNCIL 03)eECaN2) CFLAG=-CIL
CAX=CFLAGS(CMPLU(X2-X190.0)8CAXNSTISCHPLA(XNI-N10.0)8CAETA)/CF1
CAY=CFLAGR(CMPL X (Y2=Y100e0 )SCAXSISCNPLXC(YI-Y1:00)&CAETA)/CHIL
CSPOT=CFLAG*CONST2*CPHI*C2/CH]

CONTINUE

Iv=1IVvel

C COMPUTE THE TESTING VECTOR ASSCCIATED wiTh EACH EDGE.
C AGAIN IF ANY OF THE ECGES OF FIELD TRIANGLE IS A BOUNDARY
C ECGE THEN TrE FOINTER JUMPS QUT OF THE LOGP.

390

397
3ss
405

DC- 450 IR=1,3

IF{IREQel) J1I=JA
IF(IREC2) J1=J2
IF(IREQ43) J1=J43

L1=0

IFI(NSE.EC.Q0) GC TC 405

DC 390 J=1 +NSE
IF(JLEQ.ITRAK(J)) GO TC 4SO
CAONT INVE

DO 399 K=] +MSE
IF(JL«GTITRAK.KD) GC TO 3987
GO YO 408

Listlel

CONTENL - .
CTI=CMPL,* HWAT(IRs1)e00)
CT2=CWPLUX(T4AT (IRe2)+040)

C COMPUTE THE DOY PRCODUCT DETWEEMN THE VECTOR FCTENTIAL

C AND

420

430

440

442

480
460
499
9SS

1000
1008
1010

| S

THE TESTING VECTOR.

CTENP=CCNSTIS(CAXSCTI¢+CAYSCT2)
ARGMNT=X*SIN(THETA)*COSI{PHI)FYSSIN(THETA)*SIN(PKL)
CARG=CMPLX (0«0 +s—AK*ARGMNT)

HOCTT=HXeCTL1oVYE(T2

CHTEMP=HDCYTYSCEXP (CARG)

IF(IR.EQ.1) GO TO 420

IF(IREG.2) GC TC 420

CFLAG=C]

IF(NCONNCJ102) «ECaNJ2.ANDNCONN(JIL +3) cECaNJIL ) CFLAG=-CH
GC TC 440

CFLAG=C1

IF(NCONN( J102)eEQeNJIcANDSNCCAN(S1 03D ECNI2Z2) CFLAG=-CI
GC TO 440

CFLAG=C]

IF(NCONN(JSL02) eEQeNJ1cANDNCCAN(JL1e3)eECNII) CFLAG=-C]
IF(NF IELDeNE«1) GO TO 442

CY(JII=LLo I1-KL)=CY{JL-LLs I2=K1DOCFLAG*(CTYENP-CSPOT)*CS(IR)
IF(IJK NEe1s0RcIVaGTel1) GO TC 4SO
CICIL=LADI=CI{J1-LU)eCFLAGSCS{IR)ISCHTENP

CCATINUE

CONTINUE

CCATIMVE

CONTINUE

IF(NFIELD«MNE.1) GC TO 100S

DO 1000 I=1,NUNKNE

0Q 1000 J=1+MUNKNS

CY (Lo J)ZCY(LoJ)OCHPLX(400s00)

00 1030 I=1oNUNKNS

CI(I)=CI(L)PCMPLX(2:040.0)

IF(DIA.EQ.D1IB) GC TC 2000

Boawio -+
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1015
1020
102s
1030
103S

1040
2000

IF(IDIELEC.2) GC TC 1025
D0 1020 I=1eNUNKNE

DO 1015 J=1sNUNKNE
CYTENMP(14J)=CY(1sJ)/C2
CYC(IsJ)=CHPLX(C0a0:0.0)
CITEMP(I)=CI(1)
CI(I)=CHPLXC0.0+0.0)

GO 70 1040

00 1035 I=B+NUNKANS

DG 31030 J=1+NUNKNS

CV(led)=CYCREoJ)/C24CYTEMFLLoJ)

CICII=CITEMP(I)
CONTINUE

RETURMA

END
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SUBROUTINE YWINDCU(CY.DATNOC ¢NCONNo NEOUNC s NNODES¢NEDGES e NFACES e NUNK
SNSyITRAKoNJUNC o SIGNALOELDIE THICK)

C THIS SUBROUTINE CALCULATES THE AODITIONAL TERM IN THE ADMITTANCE

C MATRIX WHEN WE COVER THE APERTURE WITH A (LOSSY) DIELECTRIC SHEET.
INPLICIY CCMPLEX (C)

REAL COS.CABS

COMPLEX CYINUNKRS sNUNKNSDoCS(3)

OINENSION DATNCO(ANCDES ¢ 2) e THAT(3,2)

INTEGER NCONN(NEDGES+3)NEBCUND( 150,4)¢1 TRAK (NEDGES)
INTEGER NJUNC(NEDGES:3)
COMMNON/PARAM/THE YA PHI s IFIELD

COMMON/FRE/AOMEGA

PF123.14159265 .
CONST=CMPLX(SIGNA,AQMEGASCELDIE/(36%FP 181 .,0E+09))
CONST=CONSTSCHNPLX{ THICK,0e0)

CE=CMPLX(1000000)

NFIELD=IFIELD

1v=0

NSE=NEDGES—-NUNKNS

DC 999 =1 NEDGES

NFI=ENJUNC(T,.2)

AF2ZAJUNC (. 3)

IF(NF2.MNE<0) GC VC B8s

Iv=lvel

GO T4 999

aee 00 499 N=g,2
J2zNBOUND(AFL +2)

IF(MeEQe2) J2=NBAUNDINF242)
J3=NBOUND(AF1.3)
IF(M.EQa2) JI=ABCUNDINF2+3)
JAZNBOUND(NF1+4)
IF(NeEGe2) JASANEBCUND(NFZ.4])

C OGBTAIN THE VERTICES CF THE FIELD TRIANGLE.
IFINCONNL J252) «EQaNCONN(J3+2)) GO TO 25C
IFINCONNE J2e2) oEQNCONK(JIL3)) GO TO 250
NJ1ENCONNL J243)

GO YO 25S

250 NJI=NCONN(J2.2)

255 [IFU(NCONN(J3+2)<EQ.NCONNCJAL2)) GC TC 256
IFINCONN{JI3¢2)«EG.NCONN(JA+3)) GC TO 2%¢
NJ2=NCCNN{J3e3)

60 TC 258

256 NJ2=NCONN(J3+2)

258 IF(NCONNCJIS62) oEG.NCONNIJ2¢2)) GO TO 256
IFENCONN(J4+2)eEQaNCONNEI263)) GO TC 259
NJI=NCONN( J4e3)

GC TC 260

289 NJI=NCONNC JA,.2)

260 CONTINUE

C CEVAIN THE CENTROID OF THE FIELD TRIANGLE.
Xu(DATNODCNJIL ¢2) ¢DATNCOCNI2+2)¢DATACO(NII02))/7340
YE(DATNOD(NJIL ¢ 3)¢DATNODINJI20ID*DATNODINJIILI) D /30

C CALCULATE COMPGNENTS CF THE TESTING VECTOR

C CORRESPONDING TC EACH SIDE.

TMATC( 11 )=(DATNOD(NI2e2)¢0ATNCDINII2))/2.0-X
THAT(102)=(CAVACDINJIZ2e3)40CATNCOINI3e3))/72,0-Y
THAT(201)uDATACD(NIIC2)+DATACO(NIL2) ) /220X
TMAT(2¢2)=({DATNOD(NII o3 )+DATNODINILeI) ) /2.0-Y
TRAT (301 )m(OATNCDINJIL o2 )4CATNODINI242))/7240-2
THAT( 2¢2)m(DATACDINIL93)+DATNCO(NI2¢3))/240-Y
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IF(1eEGCadJd2) 1ivV=1l

IF(1e€EQad3) 11V=2

IFCl<EQuia) 1iv=2 \

— C CETAIN THE COCRCINATES QF THE FIELD TRIANGLE. l

XJ1=DATNOD(NJL 2D |
YJR=DAVYNODINJ13)
XJ2=DATNOD(ANJ2.,2)
YJ2=DATNOD(INJ2,Y)
XJI=DATNODI(NJIIL2)
YJI=CATANCD(NJIIe2)
C QOBTAIN THE LENGYH CF THE EACH SIDE.
CSE1)=CMPLX(SORT((XJ2-XJI)$824(YJ2~YJ3)822)4040)
CSI2)=CHMPLA{SORTL(XJI-NJI1)0824(VII3~YI1)282),0.0)
CSEIN=CHMPLX(SCRYIIIXJILI~-XJ2)¢824(VIL1-Y¥J2)982),0.0)
ARIZ(XJI2-XJ1I$(VYJI2=VIL)~(XJI~-2JR)SLYI2-VYJL)
AREA=ABS(AR3 /2.0
COMPUTYE THE TESTING VECYTOR ASSCOCIATED Wit EACKE EDGE.
AGAIN IF ANY COF THE EDGES COF FIlELD TRIANGLE IS A BUUNDARY
EODGE TErHEN TFHE POINTER JUMPS QUY OF THE LCOP.

DG A4S0 (R=1.,3

IFC(IREQel) Ji=JAN

IF(IREQ.2) J1=J2

IF(IREGe3) J1I=y3

LE=0

IFI(NSE.EQ.0) GO TO 405

DO 390 J=1,NSE :

IF{J1ECSITRAK(J)) GO TC 430

390 CONTINUE
DC 399 K=1,NKSE
IFCJ1.GT.ITRAK(K)) GO TYC 397
G0 YO 4408

397 Li=L1e1

369 COMNTINUE

405 CTI=CMPI X(TMATC(IR1)STMAT(IIVel1)e0a0)
CT2=CPPLX(TMAT(IR«2)I%THAT(1IVe2)e0a0)
CLCA=CSUIRI®CS(LIVI/CHMPLX(ASAREAL0.0)

IFC(IR<EQe«1) GO TC 420
IFC(IR«EQ.2) GC YC 430
CFLAG=C1
IFINCONNCJ192)0ECeNJ2aANDNCONNEJL 03D ECNJIL) CFLAG=-CYL
GO YO 4A0
420 CFLAG=C)
TF(NCONNLJ102) eECeNIZANDNCONNEIL ¢3)eEQaNI2) CFLAG=~C]
GO YO 440
430 CFLAG=C)
IFU(NCONNCJ192) eEQaNJl «AND o NCO NCJL1431aEQNJI) CFLAG=-C1
440 IFINFIELDeNES1) GO TO 4SO
CYCUI=IVedI=L1)=CY(I-IVeJil=LLl)ACFLAGH*CONST2CLOA®(CTI4CT2)
450 COATINUE
460 CONTINUE
499 CCMTINVE
999 COMNTINUE
RETURNM
' END
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SUBROUTINE MAGCHA(CVsDATNOCoNCONN s NBOUND ¢ NNODESeNEDGES,
SNFACESoNUNKANS I TRAK)

76

C THIS SUBROUTINE COMPUTES THE MAGNETIC CHARGE DISTREIBUTION ON THE APERTURE
C AREA.THE CHARGE DENSITY IS COMPUTED AT T+E CENTROID OF
C EACH TRIANGLE.

101

102

102

IMPLICIT CCMPLEX (C)

REAL C0S.CaBS

COMPLEX CYI(NUNKAS) .CS(2)

CIMENSION DATNCDI(NNODES+3)

INTEGER NCCNN(NECGES+2)oNBCUND(150+4) ITRAK(NEDGES)
COMMON/KKK/AKGP]

COMMON/OIELEC/DEAL,D1B

CLl=CMPLX(1040.0)

VEL=3.0E+0E8/SGRT(D1IE)

AQMEGA=AKSVEL

CONSTLI=CMPLX(0400140/ACNEGA)

CHARGE=CMPL X(0C+040)

WRITE(3.101%)

FORMAT(®*1°%4///725X«*SURFACE MAGNETIC CFARGE®4//7)

WRITVE(34102)

FORMAT (1Xe *FACE NUMBER®, 238X, *MAGNETIC CHARGE DENSITY (WEBS/M~-M)*)
WRITE(301203)

FORMAT( /720X *REAL® o 11X "IMAGINARY® oBXo " FAGANITUDE® 10X *PHASE")
NSE=NEDGES—NUNKNS

00O 999 fJSK=1,NFACES

C OBTAIN THE EDGES CF THE TRIANGLE.

I12=NBOUND(1JK.2)
13=ABCUND (I JK3)
14=NBCUND(1JK+4)

C OBTAIN THE VERTICES CCNNECYED YC THESE EDGES.

iS
16

IFUNCCNN( 1242 )<EQNCONN(I342)) GO YC ¢
IFINCONN(I2+2)«EQeNCONN(I303)) GC TC S
N1=NCONN(I2+2)

GC 7C ¢

Ni=ACOMN(1I2,2)
IF(NCONN(I342)4EQ«NCONN(IA,2)) GO TO 10
TF(NCONNCI302)eECaNCONN(T4,3)) GO TO 10
N2=NCCNN(T13,.,3)

GC 70 11

N2=NCOMN(13.2)
IF(NCONN(TQ62).ECsNCONN(I242)) GC TC 1S
TIF(NCONN( 4¢2)<EQ«NCONN(I2+3)) GO TO 1S
N3=NCCNAN(148,3)

GO TC 16

N3=NCONN(14,2)

CCATINVE

C COMPUTE THME COCRCINATES OF EACH VERTEX.

X1=DATNOODO(N1+:2)
Y1=CATNOO(NL.3)
X2=DATANCD(N2,2)
Y220ATNOD(N2,3)
X3=DATANCD (N3O 2)
v3=DATNOO(N3L3)

C CALCULATE THE AREA OF THE TRIANGLE.

ARI=(X2-X1)e( V3=V )=(X3-Xx1)8lV2-Y1l)
AREA=ABS(AR3) /2.0

C CALCULATE THE LENGTHSE CF EACH SIDE.

R2FR1IMSORT((X2-X1)002¢(Y2-V])082)
RINF2N=SART((X3=X2)18%2¢(V3-Y2)922)
RINRIM=SORTI(XL1-X3)*224(Y1~-YI)8$2)

A A B 1 sl e WAt e vy e




CSC1)=CNPLX(R3NR2NMe0.0)
CSE2)=CrHPLX(R1NMRINGQ.0)
CSEIA)=CMPLX(R2NR1¥s0.0)

C COMPUTE THE MACGNET IC CHARGE DENSITY ON THE TRIANGLE.

285

286
287
288

300

310

375

460

98s

502

CSUNSCNPLX(0606040)

DC 460 IK=1,3

IF(IKEQ.1) 1t=14

IF(IKeECL.2) I1=12

IF(IK.EQe3) I1=13

K1=0

EF(NSEEC.0) GC TC 288

DCQ 285 J=1 ¢NSE

IFCI1.EQ.TITRAK(J)) GO YO 460

CCATINVE

OC 287 K=} oNSE

IFC(I1.GTLITRAK(K)) GO TO 2¢e¢

GO Y0 288

Kl=Kl+l

CONTINUE

IF(IKeEC.2) GC YO 300

IF(IK«EQas1) GO TC 310

CFLAG=C]

IFUNCONNCTI102)cEQeN2.ANDJANCCENNC(IL103)EQaiNl) CFLAG=~C]
GO 70 373

CFLAG=C)

IFUNCONN(11¢2)cEQoN1aANDoNCCNN{I143)eEQN3) CFLAG=-C1
GO T0 37?5

CFLAG=C1

IFUINCONN(I102) eEQeNIcANDSACCANC(IL 23)EQen2) CFLAG=-C1
CCATINUE

CSUM=CSUMSCFLAGSCONSTLI8CSLIKISCVILI—-K1)

CONTINUE

CHECEN=CSUM/CMPLX{AREA0«0)

RA1=REAL(CFDEN)

RAZ=AIMAG(CHDEN)

RAI=CABS(CFDEN)

RAASATAN2ERA2,3A1)

BRITECIo801) [ JKsFAL,RA2eRAI4RAS

FORMAT(2X o 1408Xe1E1308e2X31E13aSe2X91E130Se2X0lE13e547)
CHARGE=R=CHARGE ¢ CSUN

CONTINUE

WRITE(34502) CHARGE

FCRMAYC(//77/710X +*TCTAL MAGNETIC CHARGE ON THE AREA= (*,2E13s%+1X,
$°* wEBERS®)

RETURN

ENC
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SUBROUT INE TRANCS{DATNODNCONN+NBOUND «NNODESeNEDGES o NFACES,
SNUAKNS oCVo ITRAK SCIN)
IN THIS SUBROUTINE. THE TRANS CROSS SECTICN IS COMPUTED AS A
FUNCTIONM OF SPrERICAL COCRDINATE ANGLES THETA AND PHIo
PHI1 AND PHI2 REPRESENT THE INITIAL AND FINAL VALUES OF PHI
AND NPHI REPRESENTS THE NUMEBER OF DIVISIONS IN PHI DIRECTION.
SIMILARLY THETAL AND THETA2 KEFRESENTY THE IMITIAL AND FINAL
VALUES OF THETA AND NTHETA REPRESENTYS THE ANUMBER OF DOIVISIONS (M
THETA DIRECTYIOMN.THUS, THIS SUBROUTINE COMPUTES TRANS CR(SS SECTION
FCR NPHI X NTHETA VALLES CF THETA AND Prl.
IMPLICIT COMPLEX (C)
REAL COSeCABSeCCNST
COMPLEX CEIMUNUNKNS) oCVINUNKAS ) o HMT o HMP
DINENSION DATNQC(NNODES+2)
INTEGER NCCNN{(NEDGESs3)eNBOUNC(120+4)+ITRAKINEDGES)
CCHMCEN/FHINCI/ZFHINC
COMMON/KKK/AKePI
CCWNCN/PCLARM/FNT o FMP
COMMON/DIELEC/CIA>DIB
READ( 10195 )PHE 1 oPHI2e APHITHRETALJTHETAZ2,NTHETA
195 FORMAT(2FT7e261242F7.2013)
WRITE(3,196)
196 FORMAT(®1°.///7/20X«*APERTURE TRANS CRCSSE SECTION/SCellele®e///7)
WRITE(3.197) .
197 FORNMAT(SX*THETA(DEGREES )* e SXo *PHICOEGREES) *eSXs
$IXe* TRANS CROSS SECTICN (SC.METERS/SGaMETERS)®)
OPHI=(PHIZ2-PHIL)/FLOATINPHIE)
DTHETA=(THETA2~-THETAL J/FLOAT(NTHETA)
ANTHET=NTHETA+1
NPF=NPHI+1
DC 999 I1=1+NTHET
THETA=THETALSFLCATC(IL-1 JS$OT+ETA
THEVYA=THETA®P [/ 180.0
DC 998 JJ=1+NPH
PHIZPHILSFLOAT(JJ-L)SOPHI
PHI=PHI®PI/1E80.C
ALANDA=24P T/ AK
AQNMEGA=AK®3.,0E¢08/SCRT(LCIE)
CONST=(AOMEGA/(36¢*P]))*1.0E-CSeDI1BD
CONST=CCNSTo22/(C¢P1)
CALL MEASUR(CIMTHETAsPHIZDATNOD: NCONNoNEQUND+s NNODES,
SNEDGESoNFACESoNUNKNS ITRAK)
CYCS=CMPLX(0+02040)
00 499 1JK=1oNUNKRS
CYCS=CTCS+CIN(IIKISCVIIIK)

499 CCNTINVE

TCS=(CABS(CTCS ) )*#28CLNST
TCE=TCS/ALAMDA®S2
TCS=TCS/FFENCes2
THETAD=THEYA%180.0/FP1
PHID=PHI®*]180.0/F1
WRITE(3+991) THETADLPHID,TCS
991 FORMAT(/3X31E13e5s8Xe1E1TeSe12X+1E1365)
998 CONTINUE
99¢ CONTINUE
IF(CABS(HMT) cEQ.FLOAT(1)) GC TO 1000
SFCCABS{HMP) sEC.FLOAT(1)) GC TO 1010
GO0 70 1020

000 WRITE(3.1008)
005 FORMAT(//3X+°TCS/5Qeele OF THETA POLARIZATION MEASUREMENT.®)




-

1010
1015
- 1020

GO0 70 1020

WRITE(3,1015)
FCRMAT(//3Xe*TCS/SQeWel o
RETURN

ENC
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SUBROUTINE MEASUR(CIMsTHETASPHI ¢DATNOD s ACONNoNBOUND o NNODES
SNECGES o NFACES + NUNKNS 1TRAK)
C THIS SUBROUTINE COMPUTE THE NEASUREMEAY CURKENTY VECTOR.

IMPLICIT COMPLEX (C)

REAL COS.,CABS

COMPLEX CIMENUNKNS) oHMToHMP

COMPLEX HXebYoFHZorDOYTLCS(2)

DIFENSICN DATNCCU(NNODES+3)+THAT(3,2)

INTEGER NCCNN(NEDGES+3) +ABCUNC(150¢4)+ITRAK(NEDGES)
COMMON/KKK/AK oP I

CCUNCN/POLARN/HNT ¢ NP

COFMMON/DIELEC/DIALDIB

C13CMPLX(10+04C)

DO 2 I=14NUNKNS
CIMCL )=CMPLX(0e0eCe0)

2 CCATINVE
CTL=CHPLX(CCS(TFETA)+0.0)
CT2=CMPLX{SIN(TRETA)+0.0)
CPHIL=CPPLX(CCS(Pr1)e0.0)
CPHI2=CHPL X(SINIPKI)¢040)

C
HXZHMT&CT 1 $CPH I 1-HMPRCPHI 2
HY=HMTSCTL18CPHI2+HMPRCPHI L
H2=-HMT®CT2
NSE=NEDGES~-NUNKAS

C

C NOW CALCULATE THE FARAMETERS COF TFE FIELD TRIANGLE.
DO 499 IJ=1.NFACES

C OBTAIN THE EOGES OF THE F1ELD VRIANGLEo
J2=NBCUNDC 14022
J3uNBOUND(1J03)

JA4=NBOUND( 1J+4)}

C OBTAIN THE VERTICES OF THE FIELLC TRIANGLE.
IFI(NCONN{J2¢2)«EQCeMCONN(JI3+2)) GO TC 250
IFINCONN(JI202)EQ«NCONN{JI:3)) GO TC 2%¢C
NJI=NCONNLJI2.3)

GO TC 285

250 NJI=NCONN(JI242)

255 lF(hCONN(JBoZ)-EO.NCONN(JQ.Z)’ GO 10 2%¢
IF(NCONN(J3:32) «cEQaNCONNLJA,43)) €C TC 236
NJ2=NCONN( J2,3)

GC TC 258

256 NMNJ2=NCCNN(J3.2)

25€ [IF(NCONN(J422).EQaNCONN(J242)) GO YO 259
IFINCENN(J842)<EGsNCONN(J2,3)) GO TO 2SS
NJI=NCONNT JAL3)

GO TC 260

259 NJIA=NCCNN(JA,.2)

260 CONTINUE

C OBTAIN THE CENTRCID CF THE FIELC TRIAMNCGLE.
X=(DATNOD(NJIL+2D4DATNOD(NJIZ2+2)4DATNOD(NII2)) /3.0
Y=(DATNCD(NJL1oIDECATNOGCINIZ2eI J¢DATNODINII2) )/ 30

€ CALCULATE COMPCNENTS CF THE TESTING VECTOR

C CORRESPONDING TC EACH SIDE.

Tl‘f(loll'(OAThCC(NJZc2)00‘1N00(NJ~¢2"I?.G-I

TMATCL ¢ 2)=CCATANCDINJI243 )4DATNCDINI3 2} )/ 2.0~Y

THATC(20 1 )=(DATARCDINLIe2)¢CATNCDINIL2)) /20X

TMATC(2+2)=(DATRCLINIIII+CATACOINILGI))/260~Y

TMAT( 31 )=(DATNCDINJL ¢2)9DATNCDINI242)3/2e0~X

80




THAT(342)=(CATNCCINJIL «3DV4DATNCCINJ243))/2.0~Y

C OQBTAIN THE CCCRDINATES OF THE FIELD TRIAMNGLE.

XJL=CATNOO(NJ1e2)
YJI=DATANQO(NJL ¢23)
XJ2=DATNOD(NJ242)
YJ2=DATNCDINJ2+3)
XJI=DATNODE(NJIE)
YJI=DATNCDI(NJII2)

C CBTAIN THE LENGYH CF THE EACH SIDEe.

nNnN

380

397
399
40S

420

430
440
4S50
460
499
99s

1000

CSC1)=CNPLXCSORT((XJ2-XJ3)#824(YI2-VJI)882),0.0)
CS(2)=CMPLX(SORTII(XII-NJI1)02824(VIZ-YJ]1)0982)0e0.0)
CSEINI=CMPLX(SCRT(IXJLI-XJ2D)#82+(VI1-YI2)882),00)

COMPUTE THE TESYING VECTOR ASSCCIATED wWITH EACH EDGE.
AGAIN IF ANY QF THE ECGES OF FIELD TRIANGLE IS A BOUNDARY
EOGE THEN THE FOINTER JUMPS GUY CF THE LCCP.

DO 450 IR=1,3

IFC(IRECe1) Jl=JUA
IF(IREQ.2) J1=J2
IF(IREQ.I) J1I=J2

L1=0

IF(NSE<EQe0) GC TC 405

DO 3290 J=1.NSE
IF(J1EQ.1ITRAK(J)) GO TO 4S50
CCATYINUE

DG 399 K= 1oNSE
1F(J1<GT.ITRAK(K]) GO 0O 397
GO TC 405

Li=gL 1+t

CONTINUE
CTAI=CHPLX(TMAT(1Rel1)e00)
CY2=2CHMPLX(TMAT(IRe2)+0.0)

ARGHUNT=XSSIN(THETA)ISCOS(PHI)+VYSSIN(THETA)SSINIPHI)
CARG=CMPLX(C«0o—AKSARGNMNT)

HOOTT=HXSCTLI+HYICT2

CHTENP=HOCTTSCEXP(CARG)

(F(IR.ECa1) GO ¥YC 420

IF(IR.EQ.2) GO TC 430

CFLAG=C1 T

IFINCONNTJ1¢2) eEQaNI2ANDGNCONNC(JIL+3) cECeNJL) CFLAG=-C]
GC TQ 440

CFLAG=C1

IFINCONN{(J1¢2) cEQeNJIoANDMCENN(JIL eI )eECNJ2) CFLAG=-C]
€0 TO 440

CFLAG=C])

IFINCONNE J1 020 «EQaNJl cANDONCONNEJL103)eECaNJI) CFLAG=-C]
CONTINUE ,
CINCIL=LLI=CIN(J1-L1DSCFLAGOICSUIR)SCHTENP

COANTYINUE

CONTINLE

CONT INVE

CCMTIMUE

00 1000 Ix=1oNUNKNS

CIM(E)I=CIMCEISCMPLX(2.0+0.0)

RETURNM

ENC

R R N AR T

81



i 82

SUBRQUTINE SCAINTIXL oY1 eX20Y2eXIoV¥3eXeYoCPHILAREA)D
C THIS SUBROUTINE«wITH THE FELP CF SUPRCUTINE INTGRLe
C EVALUATES THE SCALAR POTENTIAL INTEGRAL CVEF A
— C TRIANGULAR REGION. FCFR ODETAILSPLEASE REFER YC THE NOTE.
- fMPLECIT CCHPLEX (C)
REAL CABS.COS
CCHMNCN/KKK/AKGF T
COMMONIVEC/XSIC7)ETAL(?)
XS1(1)=10/3.0
XSt(2)=0.05974157
ASIL(IN=04T7014206
XSI(4)=XS1(3)
XS1(S5)=0.79742699
XSl(6)=0.101286%1
XSI(?)=XS51(6)
ETA(L)=XS1(1)
ETAL2)=xS1(I)
ETA{I)I=XxS1(2)
ETA(A)=XST1 (&)
ETA(S)=xS5]1(¢)
ETA(E6)=XSI(S)
ETAL(?)I=XSI(7)
CF=CMPL X(00+000)
N D0 120 1=1+47
RISC((X-X1)=(X2-X1 DEXST(I)~(X3-XLDISETA(I))®s2
R22((V=Y1)=(Y2-YL1D*XSI(I )L YI-YL)PETA(LI))*22
R=SO0RT(R1+K2)
¢ CR2CMPLX(0e0+s~10%AK2R)

-—

IF{CABS(CR)<LEL1.0E-06) GO YO 102
CFI=(CEXPICR)~CMPLX(120+0«0))/CNPLX(R¢0.0)
GO 70 103

102 CFI=CMPLX(0,00~AK)

103 1F(1«EGel) GC TC 105
IF(1eEQe2«0RaI«EQe3-0Re1.ECe4) GO TO 110
CF=CFeCF18CHNPLX (£1259392+040)

GO ¥C 120

105 CF=CF4+CFL12CHPLX(0022540.0)
GO TC 120

110 CFxCFeCFLIeCMPLX(213239424040)

120 COMNTINUE
CALL INTGRLIX1sV3eX2eY2eX3eY¥IeXeYsPCTLAREA)
CPHI=CFSCHPLX(AREA0.0)+CMFLX(PCOT ¢04.0)

150 CONTINUE
RETURN
END
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SUBROUTINE VECINT(X1.Y1eX2eY2eX3sY3s
$Xe YoCAXSI+CAETAAREA)
C THIS SUBROUTINE.WITH THE HELP OF SUBRGUTINE LININT,
- C EVALUATES THE VECTCFK POTENTIAL INTVEGRALS CVER 4
C TRIANGULAR REGIONCFCR DETAILSPLEASE REFER 10 THE NOTE.

THPLICIY CCMPLEX (C)

REAL CABS.CCS

COMMONI/KKK/AK P L

CCMPON/VEC/XSI(T)ETA(T)

CF=CNPLX(00+0.0)

CG=CNPLX(00+040)

CC 120 (=1.7

RIZCIX=XA )= (X2~-XL I *XSTLEI-(XAI-XLDSETA(I))en2"
R2=((Y-VY1)~(VY2-Y128XSTI(I}~(V2-YL)RETA(L))*e2
R=SQRT(R1+R2)

CR=CMPLX(0+00—1.0%AKSR)
IF(CABS(CR)LE«1.0E-06) GC TC 102
CA=(CEXP(CR)-CMPLX(10+0.0))/CMPLX(RsCaC)
CFL=CMPLX(XSI(I}+0.0)8CA
CGI=CMPLXCETA(1)+,0.0)%CA

GO TO 103

102 CF1=CMPLX(0e0s—AKEXSI(S))
CGLI=CMPLX{Ca0+—AKSETA(I))

103 IF(1.EC.1) GC ¥C 105
IF(1e€EGQe2e0ReleEGeIe0RaIECH) GO TO 110
CF=CF4CFI8CHPL X (0 12593924040)
CG=CG#CG1*CMPLX(12593924,0.0)

GC T0 120
105 CF=CF+CF1¥CMPLX(0e22540.0)
’ CCCGHCGLIICMPLA (022254040
GO TQ 120

110 CF=CF4CF13CHPLX(«1323942+0.0)
CG=CGH+CGI12CMPLYE(41323942,0.C?

120 CCAMVINVE .

CALL LININTIXE sY1eX2eV2eX39YIeXeVYePCTIXSIPCTETA.AREA)
CAXSI=CFSCMPLX(AREA0O0) CNPLXIPOT XS+ Ce0)
CAETA=CGSCHPLXC(AREA+0.0)+CHFLXC(POTETA:0.0)

150 CONTINUE
RETURN
END
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SPOTXS14POTETALAREA)
C THIS SUBROUTINE+WITH THE HELP OF SUBROUTINE INTGRL.EVALUATES
- C XSI/R AND ETA/R INTEGFALS CVER A TRIANGULAR REGICONe THE
. C QUANTITIES DEFINED HERE ARE SAME AS THOSE USED IN THE
C REFERENCE SITED IN TrE NOTE.

84
SUBROUTINE LINIATIXEeY1eX2:Y¥2eX3eY3 XY,

CONMON/POTEN/PC YL

A=(X2-X1)8824(VY2~-Y1)®s2
B=2(X3~-X1)892¢(Y3-VY]1)892
C==208{{(X=X1) S (X2-XL)S(Y-YL)IO(Y2~Y1))
D==208(¢(X=-X3)®(N2I=-X1D4+(Y~-VYLi)OLY3-Y1))
E=2.00((X2-X2)O(XI=X1)e(VY2-Y1)O(VI-YVY1))
F2{X-X1)s82¢(Y~Y]1)8$2
ALlS(2.09B-CHD-E)SSCRT(BIDIF)I*(2,0%AC~D-EISSORT(A+CH+F)
A2=8.0%(ASE~E)

A3=AL/A2
AR=8.0%(ACIS(BIDHF I +4 . 0FFRLE~C~E)~-(C+DCE) S22
AS=8.08SQRT((A¢E-E)ee3)

AG=AL/AS

IFC(ABS(AG) oLE«1.06E-04) GO TC S
AL1T2.,08SQART(ASE—-E ISSQRT(B+DF)

AL2=2 ,08SQRT(ASE—E )SSQRT (A ¢CHF)
ALI=2088~-C+D-E

M. 4=2.08A+C~D~-E
AJLI=AIFAGSALCG(ABRS(CALL4ALI I/ C(AL2-ALA)))
AJI=AZH+ACEALOG(ABS((AL2#ALA)/7(ALL-AL3))}

GO 70 6

AJi=A3

AJ2=A3

Bi=SQRT(AMC+F)
B2=((2.08A¢C)ISR1-CESART(F) )/ (4.00A)
ANUNSABS(2.00SCRTIAISEL#2,00A9C)
DEN=ABS (2. C*SART(AS®F)¢C)

IF(ANUM.LE«1.,0E-04) GO TO 1&0C
IF(DENJLE.L1.,0E-04) GO TOQ 10
B3=ABSC(2.,.0¢SCRTI(AISBL42,08A4C)/(2.00SCRTCASF)C))
AB3=ALOG(B2)

AJA=B24( 4. 0ASF~-C2$2)SABI/ (L. 0%SORT(AS43))

GO 70 11

AJAa=82

B4=SCRT (B+D+F)
B85=((2.0%B+D)*R4~-D*SART(F) )/ (A .0%E)
ANUM=ABS(2.0¢SORTLD)2BA:2,0¢B D)
DEN=ABS(2.0¢SQRT(ESF)C)

IFC(ANUMGLE«1.0E-04) GO TC 13
IF(DENLE«1.0E~04) GO TC 1%
BO=ABS((2.0%SARTC(E ) SBA+2,08B¢D) /(2. 08SORTE(BIFI¢D))
ABG6=ALOG(BG) .
AJ2=BS4 (8. 0¢BEF-DeE2)*ALGE/ (L 0*SQRT (ES¢3))

GC TC 16

AJ2=8S

CONTINUE

POT=POTLI/(2.0%AREA)

ARI=2 ,09%B0(AJ1-AJN2)-ES(AJII=-AJAN)
AR2=(2,00AR1I—-(2,09BSC—-ED)P0T)/(4.00ASB-E#52)
POTXSI=2,08AREASAR2

ARIZS,04AS(AII-AJA)-2.09ES(AJLI-AJ2)~(2.CrASD-ESC)ePOT

POTETA=(2.00AREACARIN/ (A, 0%ASB~ESS2)
RETURN
END
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SUBROUTINE INTGRLUXAL oYALGXA2,VA2¢XAJYA3,.
SXeVePOTsAREA)
C THIS SUBROUTINENWITF THE HELP CF SUBROUTINE CALEVALUATES
C THE L1/R INYEGRAL CVER A TRIANGULAR REGICKh.
COMMON/PCTEN/FPCT )
FI=2.0%ARSIN{1.0)
Xi=XA1Q
Yi=YAl
X2=XA2
Y¥2=YA2
X3=XA3
Y3Ix=VYA3
5 ARI=(X2-X1 Do (VYI~YL )=-( V2~V D)e{NI~X])
AREAZABS(AF3)/2.0
UNZ=AR3I/€(2.0%AREA)
X0=Xx : . R .
Yo=Y
RN=SQRT{(X1—-XC)se24(Y1-Y0)022)
IF(RMaGTe1«0E-06) GO Y0 12
XoUMNY=X2
YOUMMY=Y2
X2=X1
Y2=Yt
X1=X3
Yi=vYJ
X3=XDUNMNY
Y3I=YDUMNY
GC YC S
12 URX=( X1=-X0) /RN
URY=(VY1~Y0)}/AM
UTX==UNZ®URY
UTY=UNZS®URX
XTA=(X1—-XC)SURX¢(Y1I~-YO)SURY
YTL=(X1=X0)SUTXe{(Y1-YO )SUTY
XT2=(X2=-X0)*URX¢(Y2-YO)SURY
YT2=(X2-X0)sUTX¢(Y2-YO)SLTY
XT3=(X3-XO0)SURXS(YI-YO)SURY
YI3={X3~X0)*UTXe¢(YI-YO)IRLUTY
DETRMx=2 , 08 AREA
XSI={(XT38YTLI~-XTIS8YT3ID)/DETEM
ETA=(XT10VYT2-XT28YT1)/70ETRY
2ETA=1.0~-XSI-ETA
SIDEL=SORT((XTV2=-XT1)&&2+(VYT2~-YT1)¢%2)
SIDE2=SORT({(NT3-XT2)882¢(VYY3-YT2)9%%2)
SIDEI=SORT(I(XV1-XT3)s%24 (YT 1~-YT3)882) .
TEMP=(XT2=-XT1)$(NT3=-XT1)4(YT2-YT1)D&(YI3-YT1)
ANGLE1=ARCOS{TEMP/(SIDE1¢%2]I0E]))
TEMP=(XTI=XT2)0(XTI~XT2)4{YTI-YT2)8(YT1I~-YT2)
ANGLE2=ARCUS(TEPP/(SIDE28SIDEL))
ANGLE3I=P I—-ANGLE 1 ~ANGLE 2
ERLI=1 ,0E~06 .
FLAG=(0.0
ADD=ABS(XSI)tABS(ETA)¢ABS(ZETA)
IF(ACDGT«(1,0%ERL)) GO TO SO
IF(XSIeGEn(1e0-ERL)cANCeXS1eLE(10¢ERL)) GO VO 1S
IFCETASGE(1.0-ER1)cANDETALLES(10¢ER1)) GO TO 20
IFCZETAGGE (1 «0-ER1)cANDZETALE(1.0¢4ER1)) GO YO 28
IF(XSI+GEa—ERL1sANDcXSIeLESERL) GC TC 130
IF(ETACGE<—~ER1eANDETALLEERL) GO TO 35
IF(ZETACGE«—ERLcANDZETALLELERL) GO TC 40
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20

2%

30

3s

40

S0

100

FLAG=1.0

G0 TC SO

CALL CAIXTI YT3.XTL1VTieVALL)
VAL=VAL1L

GQ TG 100

CALL CAIXTLI»YT1eXT2,YT2,VALL)
VAL=VAL]}

GO 70 10¢

CALL CA(XT2:¥T2:XT3,Y¥T3,VAL L)
VAL=VAL1

GQ TO 100

CALL CA(XTL1oVYT1oXT2eYT2.VALL)
CALL CA(XT2:VYT2eXTIYT3eVAL2)
VAL=VALI®VAL2

¢a TQ 100

CALL CAIXT2.YT2XT3I4,YT3,VALL)
CALL CACXTIoYT13XT1sYT1leVAL2)
VAL=VAL 1 #VAL2

GC TC 100

CALL CA(XT3IoYV3eXTieVYTLluVALL)
CALL CAUXT1oYT1eXT2eYT2eVALZ)
VAL=VALL ¢VAL2

GQ TC 10¢

CALL CACXTleVYT1eXT24YT2:VALL)
CALL CAIXT2,VYT2.XT3,YT3eVALZ2)
CALL CACXT3oYTIsXT1eYVlaVALS)
VAL=VAL 1 ¢VAL2¢+VALZ

CCNT INUE

POT=VAL

PAT 1=PCY

REVURN

END
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SUBROUT INE CA(X1+Y1leX24Y2eVAL)
COMNON/EFRCR/ERR]

RA=SQRT( X182+ Y1$82)
RB=SART(X2882¢Y22932)
AL=SORT((X2-X1)8¢23(VY2-Y1)992)
DOT=((=X1)e(X2-X1 )¢ (—-Vi)E(V2-V1)}D)/AL
XD=X14¢00T#(X2-X1)/AL
YO=Y14DOTSL{Y¥2-Y1) /AL
RANOT=SQRTI(XD$9ZeYD%*82)
ERRI=ANCT/AL

2ERO=1.0E-06

IF(ERR1.LEL2ERC) GO TC 10
EHII=ATAN2({YL.X]1)
PHIZ2=ATANZ2(Y2.X2)
PHINQT=ATANZ(YDe XD)
FL=EXPRN(RNOT +PHINOTSPRIT)
F2=EXPRNC(RNOY+PHINOT(FHI2)
VAL=F2-F 1

¢C TC 11

VAL=060

RETURN

END
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FUNCTION EXPRA(RNCTPHINOTY PHI)

- COMMON/ERROR/ERR |
TEWPL=SCRT (RNQT982)
L -~ TEMP2xANCT*SINC(PHINGT=-PHI)
IF(ERR1.LE1.0E~-06) GO TO 10
ALPHAL=PHINOT-PHI

ALPHA2=ARSIN(1.0)

- ERR2=ABS (ALPHAL1882-ALPHA2%%2)
IF(ERR2,LE«1.0E-06) GO TC 10
TEMNPI3=ALCG((TENPLI+TENP2) /(TEMPLI-TEMP2))

GC TC 11

10 TEMP3=0.0

11 EXPRN=~(RNCTSTENPI) /2.0
RETURNM
END
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10

20

60

8o

€s

100

108

140

200

260

89

SUBROUT INE CSMINV(AeNDIMe N CETERMCOND, IERR)
CONPLEX A(NDIM NDIM)oPIVOT(250) e AMAXsT s SWAPJDETERMoUCHMPL X+ CONJG
INTEGER®A IPIVCY(250),INDEX(250+2)

REAL TEMPLALPFA(2S0).CABS

COMPLEX CTEMP L CALFHA(2S0)

I1ERR=0 N
IFINOIMALE.250) GC TO S N

EERR=1

WRIYE(3e4) NOIWV

FORMAT(*OCSMINYV ERRORe ATYTYEMPT TO INVERT A MATRIX *14&,
1* CN A SIDE«+'/* WkEN 250 X 250 IS THE MAXIMUK ALLOWED.?)
RETURN

CONTINUE

DETERM = CHWPLX(1:00000)

SUMAXA=0.

CO 20 J=1.N

ALFHA(J)=0.0

CALPHA(J)=(0e04+C00)

SUMRONY=0,

BC 10 I=1eN

CALPHA(J)=CALPHA(J)®A(Jel1)® CCNJG(ALUsI))
ALPHACJ)I=REALCCALPHAC(J))

SUNRCR=SUMFRON ¢ CABS(A(J.1I))

ALPHA(J)= SQRT (ALPHAC(J))
IF(SUMRQOW.GT<SUMAXA) SUNAXA=SUMRCH
IPIVCT(J)=0

DO 600 I=1.N

AMAX=CHMPLX(009Ce0)

00 10S J=1.N

IF C(1IPIVOT(J)—-1) €0, 105, €O

DO 100 K=1eh .

IF C(IPIVOT(K)—-1) 80+ 100, 740

CTYEMP=ANAX?® CONJGU(AMAX)-A(JeK)® CONJGI(AC(I,K))
TENP=REAL(CTENP)

IF(TEMP )85,8%5-1C0

IRCa=y

ICQLUM=K

AMAX=ALI oK)

CONTINUE

COMNTINUE

IPIVOT(ICOLUMI=IPIVOTC(ICOLLM)*

IF (IROW-ICCLUM) 140s 260+ 140
DETERM=-DETERM

00 200 L=1eN

SwAP=A( IRCE,.L)

ACTROWL)=ACICCLUNLL)

ACICOLUMLL )=SRAP

SUAP=ALPHA( IRCN)
ALPHACIROW)=ALPHACLICOLUN)
CALPHAC(ICOLUNM)=SUAP

AMPHACICOLUM)=REAL (CALPHA(ICOLUM))
INODEX(Iet )=IR0OW

INDEX(T12)=1ICOLLNM

PIVOT (I )=ACICOLUN, ICOLUM)

U = PIVCT(L)

ALPHAI=SALPHACICCLLUM)

CALL DTRMNT(DETERMeUSALPHAL)
CTENMP=PIVCT(1)9 CONJG(PIVOT(1))
TENP=REALI(CTENP)

IF(TEMP 13307200330
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J

330

as¢

380

400

450
550
€00
62¢C

630

705
710

s0¢

910

720

730
740

A{ICOLUMLICCLUN) = CMPLX{1.Cs040)
DC 350 L=1eA

U = PIVCT(I)

A(ICOLUM,L) = ACICCLUNM.LI/L
CC $S0 Li=1leh

IFC(LLI-ICOLUM) 400, 550, 400
T=A(L1sICOLU¥)

A(L12 ICOLUN)= CMPLX(0+0,0.0)
CC 450 L=1eM

U = ACICOLLN,L)

AlLLeL) = A(LIGL)I-UST
CCAYINUVE

CONTINUE

D0 710 I=1eN

L=hel—-1I

IF (INDEXC(L1)-INDEX(L+2)) 630. 710, 63C
JROS=INDEX(Lo1)

JCCLUN= INDEX (L +2)

0C 705 Kk=1eN

SHAP=A(Ke SJRCH)

A(K 4 JRON)I=A(Ke JCCLUNM)

ALK o JCCLUMN )=SWAF

CONTINUE

CCAT INVE

SUNAXTI=0.

DG S10 I=1eN

SUMROW=0e

CC 900 J=1.eN

SUMRCOB=SUMRUS ¢ CABS(A(IL.J))
IF(SUMROWCT«SUNMAXE ) SUMAXIxSUMRGN
CONTINUE

COND = 1¢/(SUNMARASSUNAXI)
RETURN

WRITE(3,730)

FORMAT(®0° «10(*2888384°)/°0MATRIX IS SIAGULAR®/7°0% 10 (* 848828025 °))

RETURN
ENC
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SUBROUTINE DTRNMNT(DETERN U<A)
REAL cCABS

CCMPLEX DETERM,ULoCMPL X

COMMON/SCAFAC/ ISCALE

DAVYA ISCALE/O/

IF(CABS(DETERN) «GTe 1.E~10) GC TC 100

DETERM=DETERM*1.E10

[SCALE=ISCALE+]

DETERM=DETERNZU/CNPLX(A0.0)

REVURN

END
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